
 
 

N83447.AR.000195
NAS FORT WORTH

5090.3a
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FINAL REMOVAL AND CLOSURE OF FUEL HYDRANT SYSTEMS SAMPLING AND
ANALYSIS PLAN NAS FORT WORTH TX

1/1/1995
JACOBS ENGINEERING



TTI

'U
File: 17G
A.F.

NAVAL AIR STATION
FORT WORTH JRB
CARSWELL FIELD

TEXAS

ADMINISTRATIVE RECORD
COVER SHEET

AR File Number



File:.1
A.F.

'F..!

United States Air Force
Air Force Base
Conversion Agency

—

—

—

—

FINAL

NAS Fort Worth JRB, Texas
(Formerly Carswefl AFB, Texas)

REMOVAL/CLOSURE OF THE

FUEL HYDRANT SYSTEM

SAMPLING AND ANALYSIS PLAN

JANUARY 1995



— — — -

II-- - -- —----- -- -

United States Air Force
Air Force Base
Conversion Agency

FINAL - __ __

Fort Worth JRB, Texas
-- (Fomierly_Carswell_AFB, Texas) ___

- -
- --- —

—- ----- ----- SAMPLING AND ANALYSIS PLAN

CAR-J03- 1 0K70 1 OO-M4-0002

J11

—- -—-——
--—-.-.—--i-..——-—---—--—

-—- —-— -- —— . — —-—- ——

By:

J_E_

JACOBS ENGINEERING GROUP INC.

600 17th Street, Suite 1 lOON

_________ Denver, CO 80202



'-7 ;:-

TABLE OF CONTENTS

—
Page

—
ACRONYMS AND ABBREVIATIONS. v
1.0 QUALITYASSURANCEPROJECTPLAN 1-1

1.1 INTRODUCTION i-i
1.1.1 The U.S. Air Force InstallationRestoration Program 1-2

1.1.2 Purpose and Scope 1-3

1.2 PROJECT DESCRIPTION 1-4

1.2.1 Project Background 1-4

1.2.1.1 Site Description 1-4

1.2.1.2 Previous Investigations 1-6

1.2.2 Project Scope and Objectives 1-7

1.2.2.1 Scope of Work 1-7

1.2.2.2 Approach and Objectives 1-8

1.3 PROJECT ORGANIZATION AND RESPONSIBILITIES 1-9

1.4 QUALITY ASSURANCE OBJECTiVES FOR DATA MEASUREMENT 1-13

1.4.1 Field Quality Assurance/Quality Control Procedures 1-14

1.4.2 Definition of Criteria 1-15

1.4.3 Goals for Assessment Criteria 1-15

1.5 SAMPLING 1{ANDLNG AND SAMPLE CUSTODY 1-19
— 1.5.1. SampleHandling 1-19

1.5.2 Sample Custody 1-22

1,5.3 Sample Identification 1-22

1.6 CALIBRATION PROCEDURES AND FREQUENCY FOR FIELD TESTS.. 1-24

1.7 ANALYTICAL PROCEDURES 1-25

1.7.1. Field Screening Methods 1-25

1.7.2 Fixed Laboratory Methods 1-30

1.7.2.1 Identification of Fixed Laboratory Methods 1-31

1.7.2.2 Practical QuantitationLinu 1-33

1.7.2.3 Terminology 1-33

1.7.2.4 Procedures 1-33

1.7.2.5 Values 1-33

1.7.2.6 Method Calibration for Fixed Laboratory 1-33

½afcarswelTq*pap .Ianua.ry9, I99 &eCdod



TABLE OF CONTENTS

Page

1.7.2.7 Calibration Procedures . 1-35

1.8 DATA REDUCTION, REVIEW, AND REPORTING 1-35

1.8.1 Data Management 1-35

1.8.2 DataReduction 1-36

1.8.3 Data Quality Assessment 1-37

1.8.3.1 Review of Field Records 1-37

1.8.3.2 LaboratoryRecordKeeping 1-38

1.8.3.3 Assessment of Laboratory Data 1-40

1.8.4 DataReporting 1-42

1.9 QUALITY CONTROL FOR FIELD ACTIVITIES 1-42

1.9.1 Quality Control for Field Activities 1-42

1.9.2 Quality Control for Fixed Laboratory Activities 1-45

1.9.3 Fixed Laboratory Analytical Batches 1-46

1.9.4 Control Linu 1-46

1.10 PERFORMANCE AND SYSTEM AUDITS 1-46

1.11 PREVENTWE MAINTENANCE PROCEDURES AND SCHEDULES 1-48

1.12 CORRECTIVE ACTION PROGRAM 1-49

1.12,1 Response 1-49

1.12.2 Reestablishment of Control 1-50

1.13 QUALITY ASSURANCE REPORTS 1-50

1.13.1 Reporting Procedure 1-51

1.13.2 Reporting Scope and Content 1-51

2.0 FIELD SAMPLING PLAN 2-1

2.1 FIELD OPERATIONS 2-1

2.1.1 Site Reconnaissance, Preparation, and Restoration Procedures 2-2

2.1.1.1 SiteReconnaissance 2-2

2.1.1.2 Preparation 2-3

2.1.1.3 Site Restoration 2-3

2.1.2 Utility Clearance and Fuel Pipeline Location 2-4

2.1.3 Drive-Point Drilling, Logging, and Abandonment Procedures 2-5

2.1.3.1 Drive-Point Drilling Methods 2-6

anuazy 9. 1995 U Rccyclcd



:: ;:::
—

TABLE OF CONTENTS

Page

2.1.3.2 Lithologic Logging and Sampling .2-6

2.1.3.3 Drive-Point Hole Abandonment 2-8

2.1.4 Soil Sampling from the Underground Storage Tank Excavations 2-11

2.1.5 Equipment Decontamination 2-12

2.1.6 WasteHandling 2-13

2.2 ENVIRONMENTAL SAMPLING AND SAMPLE DESIGNATION 2-14

2.2.1 Subsurface Soil Sampling Procedures 2-14

2.2.2 Sample Handling and Identification 2-14
—

2.2.3 Sample Custody 2-17

2.2.4 Field Quality Control Samples 2-17

2.2.5 Sample Analysis Summary 2-19

2.3 FIELD MEASUREMENTS 2-19

2.3.1 Parameters 2-19

2.3.1.1 Organic Vapor Analysis 2-21

2.3.1.2 Immunoassay Analysis 2-21

2.3.2 Equipment Calibration 2-22

2.3.3 Equipment Maintenance 2-22

2.3.4 Decontamination 2-22

2.4 FIELD QUALITY ASSURANCE/QUALITY CONTROL PROGRAM 2-23

2.4.1 Control Parameters 2-23

2.4.2 Control Limits 2-23

2.4.3 Corrective Actions 2-24

2.5 RECORD KEEPING 2-24

2.6 SITE MANAGEMENT 2-25

3.0 REFERENCES 3-1

List of Figures

Figure 1-1 Location of NAS Fort Worth 1-5

Figure 1-2 Project Organization Chart 1-10

I1'CWeU\qapIp Januazy 9. 199 Hi Reced



ACRONYMS AND ABBREVIATIONS

AFB Air Force Base

AFCEE Air Force Center for Environmental ExceUence

Air Force U.S. Air Force

ARAR applicable or relevant and appropriate requirement

ASTM American Society for Testing and Materials

BTEX benzene, toluene, ethylbenzene, and xylene

CCV continuing calibration verification

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

CFR Code of Federal Regulations

CU' Contract Laboratoiy Program

COE U.S. Army Corps of Engineers

COR Contracting Officer's Representative

CQP Construction Quality Plan

DBCRA Defense Base Closure and Realignment Act

DERP Defense Environmental Restoration Program

DOD U.S. Department of Defense

DOT U.S. Department of Transportation

EPA U.S. Environmental Protection Agency

FS feasibility study

FSP Field Sampling Plan

GC gas chromatograph

HSP Health and Safety Plan

HSWA Hazardous and Solid Waste Amendments

ICV initial calibration verification

IR infrared

IRA interim remedial action

IRP Installation Restoration Program

IRP[MS Installation Restoration Program Information Management System

1-30 Interstate Highway 1-30

1TIR Informal Technical Information Report

afethqapsap Januvy9, 1995 iv Recycled



TABLE OF CONTENTS

Page

Figure 2-1 Large Bore Drive-Point Sampler 2-7

Figure 2-2 Boring Log Form 2-9

Figure 2-3 Unified Soil Classification System 2-10

List ofTables

Table 1-1 Containers, Preservation Techniques, and Holding Times, Solid

Samples 20

Table 1-2 Containers, Preservation Techniques, and Holding Times, Aqueous

Samples 1-21
—

Table 1-3 Instrument Calibration Fequency and Acceptance Criteria 1-26

Table 1-4 Fixed Laboratory Reporting Limi 1-34

Table 2-1 Sample Analysis Summary 2-20

— List of Appendices

Appendix A Immunoassay Testing Procedure
Appendix B Instrument Calibration and Operating Manuals

Appendix C Field Forms
—

Jinuiry 10, 1995 v Rccycled



ACRONYMS AND ABBREVIATIONS

Jacobs Jacobs Engineering Group Inc.

JRB Joint Reserve Base

MDL method detection limit

MS mass spectrometer

NAS Naval Air Station

NCP National Oil and Hazardous Substances Contingency Plan

NIST National Institute of Standards and Technology

OSHA Occupational Safety and Health Administration

PAH polycyclic aromatic hydrocarbon

P11) photoionization detector

POC point of contact

ppm parts per million

PQL practical quantition limit

PVC polyvinyil chloride

QA quality assurance

QAPP Quality Assurance Project Plan

QC quality control

RCRA Resource Conservation and Recovery Act

RI remedial investigation

Riedel Riedel Environmental Services, Inc.

RPD relative percent difference

SAP sampling and analysis plan

SARA Superfund Amendments and Reauthorization Act

SHSC Site Health and Safety Coordinator

SOP standard operating procedure

TPH total petroleum hydrocarbons

USCS Unified Soil Classification System

UST underground storage tank
0 degrees centigrade

afrswII\qpup Januazy 101995 Vi kecyded



1.0 QUALiTY ASSURANCE PROJECT PLAN

This Quality Assurance Project Plan (QAPP) is the first part of the Sampling and Analysis

Plan (SAP) for the RemovallClosure of the Fuel Hydrant System at Naval Air Station

(NAS) Fort Worth Joint Reserve Base (RB), Carswell Field, Fort Worth, Texas. The

station was formerly called CarswellAir Force Base (AFB) and will be referred to in this

document as NAS Fort Worth. Section 2.0 of the SAP is the Field Sampling Plan (FSP).

The QAPP describes quality assurance (QA) and quality control (QC) procedures that will

be performed during the 1995 sampling effort and sample analyses. The sampling will be

conducted as part of the remedial action to close the fuel hydrant system. This QAPP

pertains only to the field sampling effort; a companion document to this QAPP is the

Construction Quality Plan (CQP). The CQP outlines the quality procedures to be

followed for all construction-related activities during the 1995 field effort.

The removal/closure of the fuel hydrant system is being performed by Jacobs Engineering

— Group inc. (Jacobs) under contract number F4 1 624-94-D-8 116, Delivery Order 0002,

issued by the Air Force Center for Environmental Excellence (AFCEE), located at Brooks

AFB, Texas. Jacobs will conduct this effort with its team subcontractor, Riedel

Environmental Services, Inc. (Riedel).

1.1 INTRODUCTION

-d
The removal/closure of the fuel hydrant system at NAS Fort Worth will include

underground storage tank (UST) removal, demolition of pumping station C, and

abandonment of nearly 4 miles of underground fuel pipeline. Subsurface soil sampling will

be conducted along the pipeline and at the location of the USTs. The analytical scope of

work will include field screening analysis for benzene, toluene, ethylbenzene, and xylene

(BTEX) and polycycic aromatic hydrocarbons (PAN) using immunoassay test kits. Ten

percent of the field screening samples will be sent to an offsite fixed laboratory for

confirmation analysis. Eighteen samples collected from the UST excavation will be sent to

a fixed laboratory for analysis of BTEX and total petroleum hydrocarbons (TPH').
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The FSP describes specific field operations including procedures for field sampling, sample

handling, the field QAJQC program, and record keeping. Appendices for the SA1 include

Appendix A, Immunoassay Testing Procedures, Appendix B, Instrument Calibration and

Operation Manuals, and Appendix C, Field Forms.

This SAP was prepared in accordance with all applicable U.S. Air Force (Air Force), State

of Texas, and U.S. Environmental Protection Agency (EPA) guidance including EPA's

Interim Guidelines and Specflcations for Preparing Quality Assurance Project Plans,

QAMS-005/80 (EPA 1980). As appropriate, this document follows the outline for

planning documents as provided in the Handbook to Support the Installation Restoration

Program (JRP) Remedial Investigations and Feasibility Studies (JU/FS), Volume 1 (Air

Force 1993).

1.1.1 The U.S. Air Force Installation Restoration Program

The IRP was developed by the U.S. Department of Defense (DOD) in 1981 to investigate

hazardous material disposal sites on DOD facilities. The Air Force integrated the IRP

with the following:

• Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

of 1980 as amended by both the Superfund Amendments and Reauthorization Act of

1986 (SARA) and the CERCLA Act of 1992;

• the National Oil and Hazardous Substances Contingency Plan (NCP);

• pertinent provisions of the Resource Conservation and Recovery Act of 1976 (RCRA)

statutes as amended by Hazardous and Solid Waste Amendments of 1984 (HSWA);

• Executive Order 12580;

• the Defense Environmental Restoration Program (DERP);
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• the Defense Base Closure and Realignment Act (DBCRA); and

• all applicable or relevant and appropriate requirements (ARARs) and regulations.

The objective of the Air Force IRP is to assess past hazardous waste disposal and spill

sites on Air Force installations and develop remedial actions consistent with the NCP for

those sites that pose a threat to human health and welfare or the environment.

—
Oiiginally, the IR.P was a multiphased effort that included the following steps:

• Phase I - records search;

• Phase U - identifr magnitude, rate of movement, and e,ctent of contamination;

• Phase ifi - research and development of appropriate technologies to remediate

contaminated sites; and
-

—
• Phase IV - remedial (cleanup) action.

The phases of the Air Force IRP are sequential steps as compared with the steps of the

Superfi.ind remedial process, which can take place simultaneously. Although the

procedures are slightly different, the targets of the two programs are the same. In

response to SARA and in order for the Air Force program to parallel the Superfund

process, DOD directed the Air Force to implement the RIIFS methodology to conduct the

IRP, and to abandon the phased approach.

1.1.2 Purpose and Scope

The purpose of this QAPP is to define the QA and QC procedures that will be used to

make certain that data generated during the sampling investigation are precise, accurate,

representative, comparable, and complete. The SAP defines the function, specific

responsibilities, and authorities for data quality. It also prescribes the requirements for

ensuring that the sampling is planned and executed in a manner consistent with Air Force

guidelines. The Environmental Cleanup Plan describes the rationale for the sampling.
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This plan provides guidance and specifcations to make certain that the following are

accomplished: -

• a consistent framework is established for the generation of analytical data;

• data quality goals are defined;

• field measurements and analytical results are of known and acceptable quality and

quantity through the use of standard methods; preventive maintenance; standardized

calibration and analytical protocols; and QC measurements, reviews, and audits,

procedures are established to recognize out-of-control conditions and to correct these

conditions;

• actions are identified and implemented to ensure the validity of analytical data; and

• procedures for record keeping, including sample tracking and chain-of-custody

protocols, are established and followed.

1.2 PROJECT DESCRIPTION

Site description, previous investigations and project scope and objectives are discussed in

the following sections.

1.2.1 Project Background

The following sections present the site description and project background.

1.2.1.1 Site DescriDtion

NAS Fort Worth is located in north-central Texas in Tanant County, $ miles west of

downtown Fort Worth (Figure 1-1). The area surrounding the station is mostly suburban,

including the residential areas of the cities of Fort Worth, Westworth Village, and White

Settlement. The main station totals 2,264 acres and is bordered on the north by
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Lake Worth, on the east by the Trinity River and Westworth Village, on the northeast and

southeast by Fort Worth, on the west and southwest by White Settlement, and on the west

by Air Force Plant 4 (Lockheed).

The existing land uses in the immediate vicinity of the station include industrial,

commercial, residential, and recreational. The land uses west of the station are primarily

industrial as a result of industrial complexes at Air Force Plant 4 and in White Settlement.

Additional uses to the west include residential and some supporting commercial. South of

the station are commercial areas at the interchange of Interstate Highway 1-30 (1-30) and

State Highway 183. This area includes a regional shopping mall, a discount shopping

center, and a smaller convenience center. Both single-family and multifamily residential

development dominate the area southeast of the station and north of 1-30 and the area east

of the station. The area north of the station is predominantly composed of recreational

and public facilities. The south shore of Lake Worth is restricted to public access because

of the presence of NAS Fort Worth and Air Force Plant 4, but the lake is open for

recreation. A fish hatchery, a YMCA camp, and private recreational land are along the

West Fork of the Trinity River northeast of the station. The area surrounding the Offsite

Weapons Storage Area is primarily rural, although a residential development is located

south of White Settlement Road.

1.2.1.2 Previous Investi2ations

The fuel hydrant system at NAS Fort Worth was installed when the station was originally

constructed and was expanded during the past 50 years of Air Force activity. The system

consisted of five pumping stations with six 25,000-gallon USTs, a filtering system, a

delivery pump, and a shelter at each pumping station and approximately 20,000 feet of 3-,

6-, and 8-inch diameter steel pipeline. Each station serves several refueling hydrants on

the edge of the Alert Apron.

In 1984, the IRP was initiated at NAS Fort Worth with a records search by CH2M Hill,

Inc. that identified 15 sites requiring further evaluation (CH2M Hill 1984). Several other
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IRP studies have been conducted at the station that included the fI.iel hydrant system,

including a 1989 RCRA Facility Assessment by A.T. Kearney, Inc. (A.T. Keamey, Inc.
—

1989) and a 1990 report by the Maxim Engineers Inc. on a potential JP-4 fuel leak called
U
Spot 35" (Maxim Engineers Inc. 1990). The latter study documented that both soil and

groundwater had been contaminated and that additional investigations would be necessary

to delineate the extent of contamination (Maxim Engineers Inc. 1990). No other

investigations have been conducted under the IRP at the fuel hydrant system. In

September 1993, Carswell AFB officially closed pursuant to the 1990 DBCRA. On I

October 1994, the U.S. Navy assumed control of the former Carswell AFB, which was

renamed NAS Fort Worth.

Interim remedial action (IRA) at the fuel hydrant system began in 1992 when pumping

station E and its associated piping were removed by the U.S. Army Corps of Engineers

(COE). Fuel-contaminated soil was encountered during the removal, but no soil was

removed from the site and the area of contamination was not delineated. During the

summer of 1994, the COE removed pumping stations A, B, and D under a second IRA

project.

1.2.2 Project Scope and Objectives

The project scope and objectives are discussed in detail in the following sections. The

sections describe the scope of work, the objectives, the project management strategy, the

residual and waste management objectives, record keeping and reporting, and data quality

and data submittal requirements.

1.2.2.1 Scope of Work

The scope of work consists of an IRA to abandon a portion of the fuel hydrant system at

NAS Fort Worth. This scope includes abandonment of approximately 4 miles of fuel

pipeline, demolition of pumping station C, removal of six 25,000-gallon USTs, and

sampling associated soils near the tanks and piping. The work will be accomplished by
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Jacobs and its team subcontractor Riedel. Subcontracts will be issued by Jacobs for drive-

point sampling services and by Riedel for grouting services.

1.2.2.2 Approach and Objectives

The initial field task will include pumping residual fluids out of the USTs and filling them

with an inert substance. Once the tanks are prepared, the superstructure of pumping

station C wiil be demolished and decontaminated. Following demolition of the structure,

the tanks will be excavated and removed. Drive point samples will be collected around the

perimeter of the tanks. Soil samples will be collected from beneath the tanks following

tank removal. If the soil contains contaminants above Texas UST soil contaminant levels,

treatment or removal options will be presented to the Air Force. Soil samples collected

from the area of the USTs will be analyzed for BTEX (SWSO2O) and TPH (E4 18.1).

The remainder of the field effort will focus on abandoning the fuel pipeline system. Lines

will be cleaned by pushing a "pig" through them and collecting the residual fuel for

disposal. The lines will then be filled with a cement, fly ash, and bentonite grout slurry and

abandoned in place. This approach, rather than excavation and removal, was reviewed

with the Air Force on 27 July, 1994. Soil sampling will be conducted along the pipeline

using drive-point methodology. Sample analysis will be primarily by field screening

methods to determine the presence or absence of fuel-based contamination. Laboratory

conTh-mation will be performed on 10 percent of samples. Additional investigation will be

required to determine the extent and concentrations of any contamination identified during

this investigation. Samples will be selected for analysis based on visible stains, odors, or

indication of organic vapors using an HNu. Wastes generated during the field activities

will be recycled if possible or disposed of offsite. The final two weeks of the field effort

will involve demobilization.

Following completion of fieldwork, the Jacobs/Riedel team will begin report preparation.

The reports will be submitted in draft and final form over a four-month period to allow
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sufficient time for Air Force review and comment. The period of performance for the

entire project is estimated at 15 months, from September 1994 to December 1995.

1.3 PROJIC ORGANIZATION AND RESPONSmILrrIIS

The organization for the Jacobs project team includes technical professionals with

experience in project management, QA, analytical chemistry, environmental engineering,

field investigations, data management, and other technical/engineering skills. An

organization chart that shows all key project personnel for implementing the field

investigations has been prepared (Figure 1-2). Responsibilities for each of the project

team positions are described below.

Contracting Officer's Representative. The AFCEE Contracting Officer's Representative

(COR) for Delivery Order No. 0002 is Captain Joseph Feaster, who is located at Brooks

AFB, Texas. The point of contact (POC) for this investigation is Mr. Frank Grey, who is

located at NAS Fort Worth, Texas. The Jacobs project team will coordinate all activities

conducted under this delivery order with these Air Force representatives through the

Jacobs Project Manager, Ms. Lynn Schuetter, located at the Jacobs office in Denver,

Colorado.

Jacobs Manager of Federal Programs. The Jacobs Manager of Federal Programs is Mr.

Tim Forden, who is located at the Jacobs office in Houston, Texas. Mr. Forden's

responsibilities for the project include monthly administrative review of project progress,

as well as coordination with AFCEE on contract-related issues.

Jacobs Program Manager/Project Manager. The Jacobs Program Manager/Project

Manager, Ms. Lynn Schuetter, has overall responsibility for work performed for the Air

Force under this contract. As Program Manager, Ms. Schuetter, will ensure high-quality

work, make resources available, and approve all work under this delivery order. In

addition, the Program Manager will review progress, anticipate and resolve problems, and

ensure client satisfaction.
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As the Jacobs Project Manager, Ms. Schuetter has day-to-day responsibility for all

aspects of Jacobs work on Deliveiy Order No. 0002. The Project Manager maintains

close communication and coordinates all activities with the AFCEE COR and the POC for

NAS Fprt Worth. She is responsible for identifying appropriate staff for each task and

providing oversight of all work to ensure its successfi.al completion. In addition, the

Project Manager uses the information provided by Jacobs Project Controls and

Accounting to track the progress of costs and schedules and prepare monthly summary

reports for the COB..

— Jacobs Oualitv Assurance Director. The Jacobs QA Director, Mr. Kris Barrett, will

ensure that all work is performed according to the specifications of this SAP. Mr. Barrett

will report to the Air Force and be responsible for all program QA issues. In addition, Mr.

Barrett will review evaluation reports, audits, and corrective action procedures to ensure

that the project meets IRP Handbook standards.

Jacobs Health and Safety Manager. The Health and Safety Manager, Dr. Teriy Briggs,

will make certain that all work is performed in accordance with the approved Health and

Safety Plan (HSP) and the provisions of the Occupational Safety and Health

Administration (OSHA) 29 Code of Federal Regulations (CFR) 1910.120 for worker

health and safety. Dr. Briggs will provide assistance, oversight, and senior review of the

HSP. The Health and Safety Manager or his designee will perform audits to make certain

that fieldwork is conducted to the specifications of the HSP.

Riedel Program Manager. The Riedel Program Manager, Mr. Gary Turk, has overall

responsibility for performance of the tasks assigned to Riedel Environmental Services, the

— team subcontractor. Riedel will provide resources for accomplishing the tasks described

in the Work Plan and SAP. These tasks include construction of a decontamination fadility,

demolition of pumping station C and removal of the six associated USTs, and in-place

abandonment of the ftiel hydrant system.
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Riedel Project Superintendent. The Riedel Project Superintendent, Mr. Jon Lewis, will

report to both the Riedel Program Manager and the Jacobs Site Manager. The project

superintendent is responsible for the execution of the scope of work as it relates to

Riedel's field activities. He will supervise the work crews performing the removal of the

tJSTs and fueling system, the demolition of the structure above the USTs, and the pipeline

abandonment in place. Additionally, he is responsible for maintaining Riedel's schedule

and budget throughout the project, making adjustments as necessary to any changed

conditions, and reporting/explaining any variances that may occur. The project

superintendent also makes sure that safe operating practices are used at all times onsite,

and is ultimately responsible for Riedel's onsite adherence to the site health and safety

plan. The project superintendent is also the manager for any second tier subcontractor,

such as the grouting mix supplier, that will be used during the project.

Riedel Project Engineer. The Riedel Project Engineer, Mr. John Liechti, has responsibility

for contributing to preparation of planning documents and providing overall technical

oversight for all of Riedels efforts.

Jacobshect Quality Assurance Manager. The Jacobs Project QA Manager, Mr. Harold

Thompson, will ensure that all work is performed in accordance with the SAP. Mr.

Thompson will act as the Jacobs QA director's designee when reviewing and auditing field

operations. Additional responsibilities of the QA Manager are outlined in the CQP. In

addition, the Project QA Manager will review the project chemist's data quality review —

efforts, assist in performance of any field analytical audits, and report to the Jacobs Project

Manager and Jacobs QA Director.

Jacobs Site Manager. The Site Manager, Mr. John McManus, has the responsibility of

ensuring that the field investigation portion of the project is performed in a manner that

maximizes data quality while maintaining a safe environment for the field crew. The Site

Manager or his designee is responsible for reviewing all field sampling data forms for

completeness, making decisions about sample locations, and making certain that the

overall objectives of the field program are met while ensuring that the Air Force
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Handbook procedures are followed in meeting these objectives. The Site Manager also

has responsibility for ensuring QC on construction activrnes as described in the CQP for

this project.

Jacobs Oualitv Control Inspector. The QC Inspector will be responsible for reviewing all

documentation for completeness and correctness. In addition, the QC Inspector will be

responsible for ensuring that sample integrity is maintained throughout the field

investigation. Mr. John McManus will serve as QC Inspector as well as Site Manager.

Additional responsibilities include audits and inspections of construction activities as

— discussed in the CQP.

— Jacobs Site Health and Safety Coordinator. The Site Health and Safety Coordinator

(SHSC), Mr. Cary Jackson, has the responsibility for ensuring that the procedures outlined

in the site HSP are followed by all members of the field team. The SHSC will investigate

all accidents or injuries related to the project that occur at NAS Fort Worth and has the

authority to stop all work onsite if deemed necessary for the protection of personnel. The

SHSC will also provide a briefing to all field sampling crew members regarding site

hazards before field activities begin. The SHSC will be a member of the field team and

will be identified when the field team members are assigned.

1.4 QUALITY ASSURANCE OBJECTWES FOR DATA EASUREMENT

The overall QA objective for this investigation is to ensure that field data, field screening

analytical data, and laboratory data are technically sound, statistically valid, and properly

documented. Only soil samples will be collected for this investigation effort. The soil

samples will be analyzed in the field using immunoassay field screening methods.

Confirmation samples for 10% of field screened samples will be sent to an AFCEE-audited

— laboratory, as will samples collected from the UST area at pumping station C. Actions or

decisions will not be based on concentration levels indicated by the analyses except that

negative results will implicitly be taken to indicate that contamination is not present.

Additional investigations will be required to determine the extent of any contamination
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identified during the sampling. The field screening results will provide real-time data to

direct the investigation, which will be qualitative and semiquantative in nature.

All field sununary forms and a portion of the raw data and calculation forms for both the

field screening analyses and the laboratory analyses will be reviewed by a Jacobs chemist.

Third-party validation is not required under this investigation. However, duplicate and

replicate QC samples will be analyzed, instruments will be properly calibrated, and all data

will be evaluated by Jacobs before being reported to the Air Force.

Total BTEX and PMI will be analyzed using immunoassay screening techniques (EPA

Method SW4030). Procedures for generating data using immunoassay screening methods

are detailed in Section 1.7. Manufacture?s instructions for conducting analyses using

immunoassay techniques are contained in Appendix A. The confirmation samples will be

analyzed for BTEX and PAH by methods SW8020 and SWS3 10 respectively. Samples

collected at the UST area will be analyzed for BTEX (SWSO2O) and TPH (E418.1).

1.4.1 Field Quality Assurance/Quality Control Procedures

Irnmunoassay screening is a data collection technique categorized as an EPA Level I field

screening method. The ability to assess data quality for this method depends on the

QAJQC steps taken during the sample collection/analysis process. Such steps will include

the following:

• documentation of the sample and sampling procedures;

• documentation of the field laboratory and analytical procedures;

• method calibration;

• method blanks;

• matrix-background samples

• duplicate samples; and

• matrix spike samples and matrix spike replicate samples.
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Matrix spike samples will consist of clean soils collected at the site, sent to a commercial

fcility, and spiked and blended with BTEX or PAM to a concentration of one part per

million (ppm). The BTEX spike will consist of equal parts of benzene, toluene,

ethylbenzene, m-, o-, and p-xylene. Samples prepared in this way will also be used for

determining accuracy.

1.4.2 Definition of Criteria

The statistical acceptance criteria for field screening data are defined according to the

objectives of the investigation. The statistical acceptance criteria for the specific analyses

will be expressed in terms of precision, accuracy, representativeness, comparability, and

completeness.

1.4.3 Goals for Assessment Criteria

As specified in the IRP Handbook (Air Force 1993), accuracy and precision control limits

will be established by the laboratory and will be unique to the laboratory performing the

analysis.

The laboratory-established control limits will be evaluated at regular intervals, and

scheduled control measurements will be taken to detect trends and out-of-limit values.

The laboratory will maintain records of these activities. U.S. Environmental Protection

Agency (EPA) Contract Laboratory Program (CLP) or method-specified control limits are

unacceptable substitutions for laboratory-generated control limits, except when the

laboratory limits are outside the method-specified limits. However, the laboratory must be

in the process of performing corrective actions to bring their limits to within those of the

published method.

Criteria assessment is discussed below.

Precision. Precision is defined as the degree of agreement between repeated

measurements of the same parameter under similar conditions. Therefore, precision

\i&arsweHqapsap January 9, 1995 1-15 Recycled



represents the repeatability of the measurement. The precision of a series of
measurements can be expressed in terms of relative percent difference (R?D). Precision

between replicate samples can be determined by calculating the RPD between analytical

results for the replicates using the following formula:

RPD 100 x(R1 ..R2)I([R1 +R2J/2)

where:

RPD relative percent difference;

RI = original sample;

R2 = replicate value.

The acceptance criteria for replicates will be � 30 RPD. The prepared matrix spike

samples will be used for replicate analyses.

Accuracy. Accuracy is the measure of the degree of agreement between an analyzed value

and a true or accepted value. Accuracy measurements will be performed on the previously

described sample material prepared as matrix spike samples.

Accuracy will be statistically represented by calculating percent recovery of the known

concentration of the contaminant in the sample.

Percent recovery will be calculated as follows:

%R(QdJQa)x 100
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where:

% R = percent recovery;

Qd quantity determined by analysis; and

Qa = true or accepted reference quantity.

The acceptance criteria for accuracy will be 20% of the known value.

Representativeness. Sampling protocols have been developed to ensure that the collected

samples represent the medium. Sample handling protocols (e.g., storage and
transportation) have been selected to protect the representativeness of the collected

sample. Measurements will be made so that results are as representative of the medium

(soil) as possible. Proper documentation will establish that protocols have been followed

and sample identification and integrity are ensured.

Representativeness of specific analyses will be achieved by the following means:

• selecting appropriate numbers of samples and locations to adequately characterize the

actual and current site conditions;

• using appropriate sample procedures and equipment;

—
• selecting appropriate analytical methodologies that provide required detection limits;

• analyzing the appropriate number and type of QC samples to statistically verify proper

ftinctioning of the analytical method and equipment and the applicability of the

methodology;

—
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• documenting sampling activities and sampling locations in field logs, on chain-of-

custody records, and in logbooks that are signed and dated by sampling and analysis

personnel; and

• using appropriate equipment decontamination techniques.

Comparability. To ensure data set comparability, the following steps will be taken:

• Instruments will be operated within their calibrated range, and appropriate analytical

methodologies will be used. Analyses will be performed using standard EPA methods.

• Measurements that appear as outliers will be reassessed. The determination of outliers

will be based on assessing a statistically significant data set. Not all outlier data are a

result of analytical error or sampling technique. No data will be eliminated because of

lack of comparability. However, these data will require explanation. The locations of

outliers may be investigated immediately because the analytical data will be received in

real-time.

• Only standards supplied by the immunoassay manufacturer with each text kit will be

used for field screening analysis. Data will be reported in conventional and standard

units.

Completenes Completeness for the immunoassay screening will be based on the total

number of samples that are analyzed under controlled conditions that meet the field

screening acceptance criteria. Completeness is expressed as a percentage of the overall

data that were generated and is calculated as follows:

C(VIT)x 100
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where:

C = percent completeness;

V = number of measurements judged valid; and

T = total number of measurements,

Valid screening data are all data that meet all acceptance criteria as specified in this QAPP.

Data produced by the immunoassay analyses should achieve completeness of greater than

or equal to 90 percent. Laboratory data should achieve completeness of 95 percent or

greater.

Two prepared matrix spike samples will be analyzed per batch of samples to provide data

for precision and accuracy calculations for the immunoassay tests. A batch of samples is

defined as the number of samples that can be run using a single immunoassay test kit. For

the fixed laboratory, a matrix spike and matrix spike duplicate will be analyzed for every

batch of 20 samples.

1.5 SAMPLING HANDLING AND SAMPLE CUSTODY

This section describes procedures for sampling handling, sample identification,

preservation, shipping, and custody, to be followed when collecting soil samples for

analysis.

These procedures are designed to ensure that (1) samples are properly collected, (2)

samples are labeled, preserved, and transported so that they represent field conditions, and

(3) sampling results are repeatable.

1.5.1. Sample Handling

Sample collection procedures are described in Section 2.0. Tables 1-1 and 1-2 summarize

the containers, preservation techniques, and holding times for solid and aqueous samples

to be submitted to an offsite laboratory during the 1995 NAS Fort Worth Fuel Hydrant
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system investigation. Sample containers that are certified as analyte-free will be provided

with the appropriate preservation by the laboratory. Drive-point soil samples will be

collected initially in clear plastic liners. Samples for onsite immunoassay analysis will be

sealed in the liners and analyzed within 48 hours of collection.

1.5.2 Sample Custody

Sample identification and handling will be documented using chain-of-custody forms

(Figure 1-3). The Jacobs QC Inspector and/or the field team Leader will verify that all

chain-of-custody forms are legible and complete. At any time that the coolers are left

without an attendant, such as samples left overnight foranalysis the next day, each cooler

must be sealed with a signed custody seal and kept in a locked trailer or office.

Upon receipt of the samples, the offsite laboratory will sign and keep copies ofthe air bill.

The custody form will be signed. The temperature of the cooler will be measured and

documented, and the condition of the samples will be documented. If any breaks occur or

discrepancies arise between the custody form, sample tags, and requested analysis, the

sample custodian will notifS' the QA Coordinator, Project Manager, or Site Manager

within 24 hours. Any discrepancy or improper preservation will be noted by the

laboratory as an out-of-control event,which will be documented and proper corrective

action will be taken. The Site Manager or designee will be responsible for maintaining

contact with the laboratory.

Samples will be analyzed by the fixed laboratory in laboratory batch numbers not to

exceed 20 samples. Sample batches may be smaller than 20 samples based on the number

ofsamples the laboratory receives from the field team and the sample holding times.

1.5.3 Sample denttfication

Field identifiers will be assigned to the soil samples and will appear on the sample labels,

chain-of-custody forms, field sampling forms, and in any field logbooks used by the site
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geologists. Because the soil samples collected for this project will not be input into the

Installation Restoration Program Information Management System (IRPIMS) database,

IRPIMS-compatible identification numbers will not be required. For ease of identification,

however, the field identifier will include predetermined abbreviations for the site, project,

location, and sample number. An example of a field identifier is N-FHC-102A where N is

NAS Fort Worth, FHC is the Fuel Hydrant Closure Project, 102 is the drive-point

location, and A is the first sample collected at that location.

1.6 CALIBRATION PROCEDURES AND FREQUENCY FOR FIELD TESTS

To meet the data quality objectives, proper calibration procedures for the field screening

analysis and monitoring will be followed. Manufacturer's instrument manuals can be found

in Appendices A and B.

For the immunoassay BTEX and PAH field test kits, the QC check will be obtained by

analysis of duplicates, of prepared matrix spike samples, method blanks, and calibration

with standards. Duplicate analyses will be performed for 10 percent of samples collected

using the drive-point sampler. Method calibration using manufacturer-supplied standards

and by analysis of method blanks will be performed with each batch of samples. For this

investigation, an analytical batch is defined as all samples that are analyzed using reagents

arid standards from a single immunoassay test kit.

Calibration of the HNu will be conducted on a daily basis. Instrument calibration will be

performed using isobutylene gas of known concentration. Calibration will be performed

daily according to the manufacturer's recommendations and will be recorded in a logbook.

All adjustments to the instrument settings will be recorded in the field book. Routine

maintenance Will consists of battery charging and occasional lamp or fan cleaning.
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Any instrument that does not meet the calibration criteria described in Appendices A or B

will require corrective action and will not be used to perform analyses. Corrective action

procedures are given in Section 1.12 and in Table 1-3.

1.7 ANALYTICAL PROCEDURES

The following sections describe the analytical methods to be used for field screening and

for fixed laboratory analysis.

1.7.1. Field Screening Methods

Samples collected for this investigation will be analyzed only by a field screening

iinmunoassay method for BTEX and for PAH (EPA draft Method SW4030).

Immunoassay analysis is a biochemical technique that relies on the specific binding

characteristics of antibodies engineered to fit or bind to specific substances. The antibody

is fixed to a substrate of magnetic particles in suspension in a test tube. Sample or sample

extraction is added to the test tube and the analyte of interest binds to the antibody. After

a specified amount of time, the excess sample is washed from the test tube. The magnetic

particles with the antibodies are held in the test tube by magnets built into the test tube

holders. The result is that the target analyte remains bound to the antibody while

interferences and other compounds of nornnterest are removed. A color indicator is then

added to the test tube so the target analyte can be quantified by comparing the light

absorbance of the sample to the absorbance of a standard in a photometer.

Detection limits for the BTEX immunoassay test kits for total BTEX (composed of

equivalent parts of benzene, toluene, ethylbenzene, and m-, o- and p-xylene) and various

other petroleum hydrocarbons are shown below.
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—
Parts per M11.on

Compound (ppm)

Total BTEX 0.02

m-Xylene 0.03

p-Xylene 0.13

o-Xylene 0.22

Ethylbenzene 0.24

Toluene 0.44

Benzene 0.59

Naphthalene 0.03

1 ,2,4-Trimethylbenzene 0.04

Anthracene 0.06

Styrene 0.07

Hexachlorobenzene 0.08

Phenanthrene 0.08

Creosote 0.10

I ,3,5-Trimethylbenzene 0.14

Acenapthene 0.17

n-Propylbenzene 0.27

n-Hexane 6.30

n-Octane 3.40
—

n-Nonane 4.40

n-Heptane 2.35

Cyclochexane 8.30

n-Decane 13.5

Methylene Chloride NR*

Trichloroethylene NRS

Gasoline 0.43

Mineral Spirits 1.12
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Parts per Million

Compound (porn)

Diesel 1.29

Kerosene 1.50

Jet A-Fuel 2.70

Household Lubricant 5.8

* Nonreactive up to 100 ppm

The detection limits for soils will be 10 times the values given above because of dilution

during the extraction process.

Detection limits for the PAM immunoassay test kits for various PAHs and petroleum

products are shown below.

Compound (ppm)

Phenanthrene 0.70

Fluoranthene 0.32

Benzo[a]pyrene 0.50

Pyrene 020

Chrysene 0.40

Anthracene 0.54

Indenol[l ,2,3-c,d]pyrene 0.78

1.2 Benzanthracene 0.77

Fluorene 1.65

Benzo[b]fluoranthene 0.91

Acenaphthylene 10.0

Benzo[k]fluoranthene 0.77

Acenaphthalene 12.9

1,1 2-Benzoperylene 14.7
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Compound (ppm)

Naphthalene 65.0

I,2:5,6-Dibenzanthraene 25.7

Creosote 1.1

FuelOil#6 5.0

Heating Oil 12.8

Diesel Fuel 19.6

Gasoline 1000

Kerosene 1250

Jet AFuel >10000

The detection limits for sails will be 100 times the values given above because of dilution

during the extraction process.

Each test kit allows for analysis of either 30 or 70 separate samples. Samples analyzed by

any single test kit will be defined as a batch. The kits are used in a four-step process.

Step I includes extraction and preparation of the sample, including weighing, extracting,

and filtering each sample. Step 2 includes preparation of standards. Step 3 is the actual

testing of the sample by mixing the sample extract and standards in separate test tubes and

measurement of the color in a photometer. Step 4 is the interpretation of the sample

results. Manufacturer's procedures for conducting imrnunoassay analyses of soils are

included in Appendix A.

The immunoassay test kits will be refrigerated to obtain the maximum shelf life. Test kits

that have exceeded their indicated "use by" dates will not be used but will be disposed of

along with other used reagents produced by the imrnunoassay testing process.
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1.7.2 Fixed Laboratory Methods

Reporting limits will be established for reagent (blank) water using procedures outlined in

one of the following references:

• applicable analytical method (these are the methods specified by the Air Force for

analysis of the various study analytes);

• 40 CFR 136, Appendix B;

• Principles of Environmental Analysis in Analytical Chemistry, Vol. 55, pp. 2210-

22 18, December 1983; and

• EPA CLP, latest Statement of Work.

Any variances or deviations to the established method detection limits (MDLs) must be

approved by the Jacobs Project Manager. Upon approval, the Jacobs Project Manager

will request the variance on behalf of the laboratory for approval by the Air Force. No

deviations or variances will be considered for approval during or 30 days before any

scheduled analytical performance period.

The procedures used to establish the detection limits for organic compounds will be

performed before analyzing environmental samples and are verified once a year. The

limits for metals are verified semiannually. Documentation to demonstrate the established

detection limits will be provided by the laboratory for review by the Jacobs QA Officer

before any sampling event. No sample analyses will be performed until the established

detection limits are approved in writing by the Jacobs QA Officer.

The laboratory will not establish quantitation limits by multiplying the detection limits by

an arbitrary factor.
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1.7.2.1 Identification of Fixed Laboratory Methods

The analytical method numbers, the source for each method, and the Air Force required

maximum reporting limits for laboratory analyses are presented in Table 1-4. Analytical

procedures will be in accordance with those specified in the Air Force IRP Handbook (Air

Force 1993), laboratory standard operating procedures (SOPs), and the analytical method.

The use of tables and flowchart will illustrate laboratory procedures and method

interpretation.

Gas Chromatpgraph Methods. For gas chromatograph (GC) methods, analyte retention

times and retention time windows will be established to accurately identifj

chromatographic peaks. Demonstration of appropriate retention time windows will be

included in the laboratory data packages. The confirmation analyses will be performed to

include all the necessary QC components and deliverables required by the method. The

laboratory will identify the most reliable value and report that value as the primary

quantitation. All analyses to be used for confirmation will be identified as such and

reported. If it becomes necessary to confirm the presence and quantitation of a compound

via GC/mass spectrometry (MS) methodology, the concentration of the chemical will be

equal to or greater than the GC/MS method detection limit (MDL).

GC Second-Column Analysis. The maximum number of second-column confirmational

analyses will not exceed the specified number in the Sample Analyses Summary tables in

the FSP (Section 2.0). If the number of samples requiring second-column confirmation

exceeds this allowance, the COR will be contacted. If GC/MS or a combination of second-

column GC and GC/MS is used, the total cost of all such analyses for a particular

parameter will not exceed the finding allowed for positive confirmation using only

second-column GC.

All confirmation analyses will be reported in the data package and discussed in the

laboratory case narrative. Data from both the primary analysis and the confirmation will be

reported for all compounds of interest within the scope of the specific method. Any
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compound not reported in the primary analysis, but found in the confirmation analysis, will

be discussed in the laboratory case narrative. This discussion will identli, those sample

analyses that did not match the primary analysis and provide a rationale for the

nonconformance (e.g., lack of sample homogeneity or potential laboratory contamination).
—

Total Petroleum Hydrocarbons (TPH). E418,1 Oil and grease are removed from the

sample with a series of freon (fluorocarbon-i 13) extractions. The extract is treated with

silica gel to remove polar materials, leaving only the recoverable petroleum hydrocarbons.

Method E418. 1 is an infrared (IR) spectrophotometric analysis of TPH. Hydrocarbons

include gasoline-range organics (GRO), diesel-range organics (DRO), and residual

extractable hydrocarbons (motor oil and lubricants) and will be reported as a total

concentration value in mg/kg.

Solid Matrix Sample Analysis. All results will be reported on a dry weight basis for soil

samples. The percent moisture will be reported for all solid samples. An adequate mass of

solid will be used in the extraction and/or preparation phase to make certain that the

detection limits are achieved. Samples that contain greater than 30 percent moisture will

be noted in the laboratory case narrative, and arty potential bias will be discussed.

The detection limits for all fixed laboratory analyses will be established in accordance with

Appendix B of 40 CFR Chapter 1, Part 136, Guidelines Establishing Test Procedures for

the Analysis of Pollutants. The documentation for all methods will be kept at the

laboratory for review by the Jacobs QA Officer. This information will be verified for

completeness and accuracy before any sample analyses. As necessary, this information

will be provided to any subcontractors providing third-party validation.

Quantitation for all methods will be performed in accordance with the specific

methodology. For GC analyses, all positive values will be quarititated using the average

response factors or calibration factors from the initial calibration.
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1.7.2.2 Practical Quantitation Limits

The following discussion defines the practical quantitation limit and the procedures for

establishing practical quantitation limits (PQLs).

1.7.2.3 Terminology

The practical quantitation limit is the lowest level that can be reliably achieved within

specified limits of precision and accuracy during routine analysis as defined by AFCEE

(Air Force 1993) and EPA (EPA 1986). The PQLs for the compounds listed in Table 1-4

are identical to those found in the IRP handbook.

1.7.2.4 Procedures

The PQLs as defined above are verified by the laboratory with each initial calibration. The

initial, multipoint calibration curve must include a standard at a concentration below the

PQL values list in Table 1-4. All analytes reported must be present in the initial and

continuing calibration standards and all calibration criteria specified must be met.

1.7.2.5 Values

The PQLs that are applicable to the NAS Fort Worth Fuel Hydrant investigation are

presented in Table 1-4.

1.7.2.6 Method Calibration for Fixed Laboratory

Calibration of fixed laboratory instrumentation will be performed as specified in the

analytical methodology. Sample analyses will only be conducted using calibrated

equipment. Calibration criteria will be provided by the laboratory and reviewed by

AFCEE prior to any sampling.
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CONTAINERS,

TABLE 1-4
PRESERVATION TECHNIQUES, AND

AQUEOUS SAMPLES
NAS FORT WORTH JRB, TEXAS

HOLDING TIMES

—

References:
Standard Methods for the Examination of Water and Wastewater, 16th Edition (1985).
Methods for Chemical Analysis of Water and Wastes, EPA Manual, 60014-79-020 (USEPA).
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. SW-846, 3rd Edition.

Notes:

mg/kg = milligrams per kilogram
mg/L = milligrams per liter
.ig/L = micrograms per liter
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Parameter
Method

Analyte

Air Force
Practical

Quantitation Limft

Water
(pgt)L

S oil!
Sediment

(mg/kg)w = water S = soil
Volatile O,anIc
Compounds

SW8020
(w & s)

Benzene
Chlorobenzene
1 ,2-Dichlorobenzene
1,3-Dichlorobenzene
I ,4-Dichlorobenzene
Ethylbenzene
Toluene
Xylenes (total all isomers)

2
2
4
4
3
2
2
5

0.002
0.002
0.004
0.004
0.003
0.002
0.002
0.005

Polycyclic
Aromatic
Hydrocarbons

SW3510/SW8310 (w)
SW3550/SW8310 (s)

Base/Neutral Extractables
18
23
6.6

0.13
0.18
0.17
0.76
0.23

1.5
0.3
2.1

2.1
0.43

18
6.4
2.7

1.2
1.54
0.44

0.009
0.012
0.011

0.05
0.015

0.1
0.02
0.14
0.14
0.03
1.2

0.42
0.18

Acenaphthene
Acenaptitylene
Anthracene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Fluorene
ldeno(1 ,2.3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene

Total Petroleum Hydrocarbons E418.1 (w&s) TPH 1 30



For GC/MS methods, the response factor from the daily calibration standard will be used

to quantitate target compounds. In cases where the sample analyses immediately follow

the initial calibration and are within the 12-hour calibration tirneframe of the MS tuning

standard, the midpoint standard response factors will be used for quantitation. This

standard must meet the criteria for daily calibration standard for these analyses to be

acceptable.

1.7.2.7 Calibration Procedures
—

Calibration procedures for the laboratory instruments required for the specified analytical

methods and information on the type of laboratory instruments will be provided by the

laboratory. Additional information on laboratory QA is found in Section 1.10.

The materials used for all calibration standards, internal standards, surrogate standards,

and QC check samples will be from EPA-certified reference or National Institute of

Standards and Technology (NIST) traceable reference standards for all organic and

inorganic analyses, if available. The Jacobs QA Officer will verify that the appropriate

standards will be used by the laboratory before any analytical work.

1.8 DATA REDUCTION, REVIEW, AND REPORTING

Data reduction, quality review, and reporting, procedures will include evaluating the field

sampling, sample handling, and field and laboratory analytical data. The overall goals of

the soils investigation can be met only if the data generated in the field can be

demonstrated to be valid.

1.8.1 Data Management

All data will be recorded in bound logbooks or on field forms. The following information

will be documented:

• date sampled;
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• sample ID;

• sample dilution (if applicable);

• analyst or sampler initials; and

• results in ppm.

Data produced by the immunoassay field screening method and by the fixed laboratory will

be transcribed and presented both as a table and graphically displayed as a map.

The field team will collect the samples at locations described in the Environmental

Cleanup Plan. After the team collects the samples, the sample documentation (sample

tags, chain-of-custody records, etc.) will be completed. Regular QC checks will be

conducted by members of the sampling team on the sample documentation. The sampler

or analyst will correct mistakes by making a single line through the mistake and printing

the correct information next to it. The sampler or analyst will also initial and date the

correction. A black, waterproof pen will be used for all sample documentation. If sample

documentation is acceptable, the samples will be retained for field screening analysis.

1.8.2 Data Reduction

Data reduction is the process of converting measurement system outputs into an

expression of parameters and information from which conclusions about the site can be

made. These processes must be performed accurately, and with accepted statistical

techniques. All calculations and data entries will be checked during a QA review to

maintain the accuracy of this process.

The data generated from this investigation will be evaluated to determine the appropriate

statistical techniques that can be applied to the data set. The statistical analysis may

include classical statistics and geostatistical approaches.
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—
Field QC samples, such as replicate, duplicate, or matrix spike samples, will be evaluated

to determine if any systematic or random errors are being introduced by the sampling or

field screening analytical procedures.

1.8.3 Data Quality Assessment

Data quality assessment involves reviewing the field and laboratory records, maintaining

proper record keeping, and assessing the field and laboratory data. These steps are
—

discussed in the following sections. Regular review of records will be conducted by

members of the sampling/analysis team. In addition, QC audits may be performed by the

QC Inspector.

1.8.3.1 Review of Field Records

Field records, at a minimum, will be evaluated for the following:

• completeness;

• identification of valid samples;

• correlation of field test data with previous results, if available;

• identification of anomalous field test data; and

• assessment of the precision of the field test data and measurements.

The check of field record completeness will verify that (I) all requirements for field

activities in this SAP have been fuLfilled, (2) complete records exist for each field activity,

and (3) the procedures specified in program planning documents have been implemented.

Field documentation will ensure verification of sample integrity and provide sufficient

technical information to re-create each field event. The results of the completeness check

should be documented. Environmental data affected by incomplete records will be

identified in technical reports.
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The identification of valid samples involves interpreting and evaluating the field records to

detect problems affecting the representativeness of environnientaJ samples. For example,

photographs may show the presence or absence of sources of potential contamination,

such as operation of combustion engines in the vicinity of sampling.

In addition, field audits are another source of data for review. Those judgments of sample

validity will be documented in the technical report. Environmental data associated with

poor or incorrect fieldwork and/or record keeping will be identified.

To the extent possible, anomalous field data will be identified and explained. The

assessment of the quality of field measurements will be based on instrument calibration

records and a review of any corrective action reports. The accuracy and precision of field

measurements will be discussed.

1.8.3.2 Laboratory Record Keeping

Record keeping procedures for the laboratory are listed below:

The laboratory will maintain records sufficient to re-create each analytical event

conducted. At a minimum, the records will contain the following:

- chain-of-custody records;

- initial and continuous calibration records including preparation of standards

traceable to the original material and lot number;

- instrument tuning records, if applicable;

- method blank analyses;

- intern standard results;
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- sunogate spiking and results (if required);

- spike and spike duplicate records and results;

- laboratory duplicate records and results (if done);

- raw data including instrument printouts, laboratory bench work sheets and/or

chromatograms with compound identification and quantitation reports; and

- other QC samples and results (e.g., results of the matrix quantitation limit

studies, and the results of blank spiking).

• The laboratory written procedures for each analytical method will be provided prior

to sampling.

• The following units of measure will be used for reporting analytical results:

- water samples - organics (pgfL);

- soil samples - organics, (mg/kg, dry basis);

• moisture content for each soil/sediment sample. The following equation for moisture

content given in ASTM D-2216 will be used:

W = [(W1-W2)/(W1-W3] X 100

where:

W = moisture content, percent;

W1 = weight of container and moist soil, grams;

W2 weight of container and oven-dried soil, grams; and
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W weight of container, grains.

1.8.3.3 Assessment of Laboratory Data

The review of laboratory data will focus on the subjects listed below. Any trends or

problems associated with the data will be noted and discussed the Environmental Site

Characterization Summary Report.

Chain-of-Custody Records. Chain-of-custody records will be reviewed to verif' that

sample preservation and temperature were checked when the laboratory received the

sample. Sample preservations will be compared with requirements listed in Tables 1-1 and

1-2.

Holding Times. The time elapsed between the date of sampling and the date of analysis

and/or extraction will be compared with the requirements shown in Tables 1-1 and 1-2.

Sample extraction is defined as completion of the sample preparation ptcess as described

in the applicable method including any necessary cleanup before volume reduction

procedures. Sample analysis completion is defined as completion of all analytical runs

including dilutions, second-column confirmations, and any required reanalyses. If holding

times are exceeded, evidence of resampling and analysis within proper holding times will

be noted.

Method Calibration Limits. Initial calibration verification (ICV) and continuing calibration

verification (CCV) standard results will be reviewed to ensure conformance to acceptance

criteria. To verify results, selected ICVs and CCVs will be recalculated from the raw data.

The review will also determine whether the calibration events can be re-created. In

addition, using correlation coefficients or ion abundances, a verification will be performed

to determine whether the instrument was in proper tune or calibration during sample

analyses.

Method Blanks. The review will verify that no sample results greater than three times the

Air Force MDLs or laboratory-established MDLs are present in any of the method blanks.
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The review will also verify that no analytical data were corrected for the presence -of

analytes in the method blanks.

Laboratory-Established Reporting and Ouantitation Lirnii. Any laboratory-established

reporting quantitation limit that exceeds those in this SAP or the Air Force IRP Handbook

(Air Force 1993) will be identified. The absence of records supporting the establishment

of reporting and quantitation limits will also be noted.

Anal tical Batch Control Records. Including Laboratory Control Sample Results. Spike

Recoveries, and Duplicate Results. The results of analytical batch QC samples will be

compared with SAP-specified, laboratory-established acceptance criteria. Data not within

control limits require corrective action, and reviewers will check that corrective action

reports and the results of reanalysis are available. Samples associated with out-of-control

QC data will be identified, and an assessment of the utility of such analytical results will be

recorded. Corrective action reports will be referenced in this assessment.

Corrective Actions. The review will verify that SAP-specified corrective actions have

been implemented whenever contamination is detected or QC sample results exceed

control limits.

Surrogates. The preparation and results of surrogate spikes will be reviewed, and selected

surrogate concentrations will be recalculated.

Completeness of Data. The check of laboratory data completeness will make certain that

(1) all samples and required analyses have been processed, (2) complete records exist for

each analysis and the associated QC samples, and (3) the procedures specified in the Work

Plan, SAP, and SOPs have been implemented. The results of the completeness check will

be documented in project reports.

In addition, formulas and examples of analyte quantitation will be reviewed along with

sample preparation logs. Also, because method validation is a continuous process, the
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reviewer will make certain that control charts and statistical calculations have been

updated to include recent data.

1.8.4 Data Reporting

Analytical data will be tabulated in the

reported in accompanying data tables.

and holding times will be summarized.

Report (InK) as described in the Air

submitted.

completion report. QC and cross-references will be

In addition, method detection limits, control limits,

An Analytical Data Informal Technical Information

Force ]RP Handbook (Air Force 1993) will not be

1.9 QUALiTY CONTROL FOR FIELD ACTIViTIES

Field and laboratory QC samples are defined below. The frequency for collection of field

QC samples is discussed in Section 2.2.4. Field QC samples will apply only to those

sample locations designated for fixed laboratory analyses.

1.9.1 Quality Control for Field Activities

For the field analytical data results obtained to be judged reliable and accurate, the

following QAJQC procedures will be followed:

1. nple documentation - location and depth of sample; time and date of

collection, and names of the samplers.

2. Field analysis documentation - maintain records of all raw data, calculations,

names of the analysts and final results of field analysis for all samples screened.

3. Method blank - analyze blank extraction solvent to document method blank. One

method blank sample will be analyzed each day that samples are analyzed in the

field.
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4. Site-specific matrix background field analysis - collect and field analyze

uncontaminated sample from site matrix to document matrix effect. A single

matrix sample will be collected from each unique type of unconsolidated material

identified during the investigation. Samples selected for matrix background field

analysis will be collected during the course of the investigation. Samples that do

not have apparent staining, odor, or readings from field monitoring equipment will

be selected for matrix background analysis. If samples identified as matrix

background samples contain detectable quantities of petroleum ftiels, then a matrix

sample will be obtained from a drive-point located at a distance of at least 50 feet

from the fuel handling system.

5. Matrix spike sample - Matrix spike samples will consist of clean soils collected at

the site, sent to a commercial facility, spiked and blended with BTEX or PAH to a

concentration of 1 ppm. The BTEX spike will consist of equal parts of benzene,

toluene, ethylbenzene, m-, o-, and p-xylene. The PAl! spike will consist of

phenenthrene. Prepared matrix spike samples will not be held longer than 14 days

and will be preserved by cooling to 4 degrees centigrade (°C). The matrix spike

samples will provide information about analytical accuracy and matrix affects of

the site soils.

6. Replicate sample field analysis - analyze replicate samples to document method

precision. The matrix spike samples will be analyzed as replicates. Two replicate

samples will be analyzed for each batch of samples.

7. Duplicate sample analysis - Duplicate samples for analysis will be obtained from

the same drive-point sample tube as the original sample; 10 percent of all samples

will be duplicates. The sample chosen for duplicate analysis is preferably a sample

testing positive for BTEX or PAR. Duplicate samples will be prepared by splitting

the sample with a stainless-steel trowel after it is removed from the sampling tube.

Comparable material from each split will be analyzed. In addition, 10% of all

samples will be sent to an offsite laboratory for confirmatory analysis of BTEX
—
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(SW8020) and PAIl (SWS3 10). Ten percent of samples sent to the ofiite

laboratory will also be duplicates to assess the accuracy of the offsite laboratory.

The following are additional field activities for QC for samples being sent to the fixed

laboratory:

Trip Blank. A VOC sample bottle is filled with American Society for Testing and

Materials (ASTM) Type II reagent-grade water in the laboratory or at an offsite

location, transported to the site, handled like a sample, and returned to the laboratory

for analysis. (trip blanks are not to be opened in the field.) The trip blank for soils is

Type II reagent-grade water. In this case, the laboratory will report the trip blank

results (complete data package) with the associated soils data package.

• Ambient Conditions Blank. ASTM Type H reagent-grade water is poured into a

sample container at the site, then is handled like a sample and transported to the

laboratory for analysis of VOCs. The laboratory will report the ambient conditions

blank results (complete data package) with the associated soil or water data package.

• uJpment Blank. ASTM Type II reagent-grade water is poured into the sampling

device or pumped through it (in the case of sampling pumps), transferred to sample

bottles, and then transported to the laboratory for analysis. The laboratory will report

the equipment blank results (complete data package) with the associated soil or water

data package

• iI!e. Field duplicates are two co-located samples collected independently at a

sampling location during a single sampling act. Field duplicates will be labeled so that

laboratory personnel performing the analyses are not able to determine which samples

are duplicates.

• plicate. A replicate is a single sample that is homogenized and divided or split into

two equal parts for analysis. Replicates are often called splits. Field replicates will be
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Identified so that laboratory personnel are unable to distinguish them from other field

samples. Replicates will not be used when collecting samples for volatile organic

analysis.

Note: Type 11 reagent-gra4e water will be certified by the manufacturer to verif' that (1)

it is free of analytes and contaminants and (2) the electrical conductivity is less than 1.0

micromhos per centimeter (pimhos/cm) at 25 degrees Celsius (°C). Type U reagent-grade

water will be stored in glass, stainless-steel, or Teflon containers. Distilled water from

supermarkets will not be used in place of Type II reagent-grade water.

When equipment water that meets the ASTM Type II criteria (via deionization and carbon

filter) can be obtained or generated in the field, the field sampling team may substitute this

material for Type II reagent-grade water.

1.9.2 Quality Control for Fixed Laboratory Activities

QC for fixed laboratory activities consists of the following:

• Method Blank. Method blanks consist of analyte-free water or soil, processed in the

exact manner as the samples within a batch using identical reagents and solvents.

Method blanks are generated by the laboratory.

• Samøle Matrix Spike. A sample that represents the matrix will be selected by the

Jacobs Site Manager. The laboratory will spike this sample in duplicate (matrix spike

and matrix spike duplicate) with anaiytes specified for each method by the laboratory.

For the offsite laboratory, a minimum of one sample per 20 project samples will be

selected for the matrix spike and matrix spike duplicate.

• Surrogate Spikes. Surrogate spikes are compounds that are added to every sample

analyzed including the standards, blanks, matrix spikes, and QC check samples to

assess the recovery of the method. Not all analytical methods are amenable to the use

of surrogate spikes. Before any sampling event, any analyses that require surrogate
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spikes will be identified. All applicable surrogate recovery control limits will be

reviewed for approval by the Jacobs QA Officer.

Standard Matrix Spike/OC Check Sapk A QC check sample consists of either an

EPA reference or NIST traceable reference material. The QC check sample or

standard matrix spike will be used to assess laboratory performance and to evaluate

whether any systematic problems occurred during analysis. Any QC check sample

that is found to be outside control criteria for any compound or analyte will require

corrective action by the laboratory and reanalyses of all associated samples.

1.9.3 Fixed Laboratory Analytical Batches

Environmental samples will be grouped In specific analytical batches. Each batch will

include sufficient calibration events and QC samples to allow the results of that batch to

stand as an autonomous data set. That is, all associated data for an analytical batch will be

reported with each data package. An analytical batch will consist of no more than 20

environmental samples. Laboratory QC samples will be used to assess the desired

precision, accuracy, representativeness, comparability, and completeness of the data.

1.9.4 Control Limits

Control limits for each analytical method will be provided by the laboratory and reviewed

by AFCEE prior to sampling.

1.10 PERFORMANCE AND SYSTEM AUDITS

Performance and system audits for sampling and analysis may be conducted. Audits may

include a review of field and laboratory QA systems and onsite review of equipment for

sampling, calibration, and measurement. Audits may evaluate the capability and

performance of project personnel, items, activities, and documentation. The audits will

ensure and document that QC measures are being used to provide data of acceptable

quality and that subsequent calculations) interpretations, and other project output are
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checked and validated. Scheduled and unscheduled audits will be conducted by the Jacobs

QA Manager or his designee. The QA Manager or designee will audit fieldwork and

review the project documentation.

During a system audit, the entire QA process is evaluated. The project or field team

organization is reviewed for compliance with the proposed organization and clarity of

assigned responsibility. Qualifications of personnel assigned to the project will be

reviewed to make certain that assigned responsibility, skill, and training are properly

matched.

A system audit may be conducted on all components of a measurement system to

determine proper selection and use. The system audit includes evaluation of both field and

laboratoty procedures.

During a performance audit, proper execution of SOPs or QC procedures is evaluated.

The audit will address whether field equipment and analytical instruments are selected and

used to meet requirements specified by the stated project objectives. Equipment and

facilities provided for personnel health and safety may also be evaluated. Calibration

procedures for field instruments will also be audited.

A review of analytical methodology with respect to data requirements for the project will

be performed. An onsite observation of analytical techniques, data reduction, and record

keeping will be performed, if an audit is conducted.

QA audits are conducted at the request of project management or the Air Force. A

written report of a QA project audit will include the following:

• an assessment of project team status in each major project area;

• clear statements of areas requiring improvement or problems to be corrected;
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• recommendations and assistance regarding proposed corrective action or system

improvements; and
a

• a timetable for any corrective action required.

The Jacobs QA Manager will be responsible for the coordination of audits and the

disposition of audit records.

1.11 PREVENTIVE MAINTENANCE PROCEDURES AND SCHIDULES

Preventive maintenance procedures are established to make certain that field instruments

perform their intended functions. Instrument maintenance records for field

instrumentation will be kept in permanently bound notebooks assigned to each individual

instrument. Field equipment maintenance procedures are discussed in Section 2.3.3.

Preventive maintenance is a crucial element of the QA program in any laboratory.

Analysts will perform routine preventive maintenance such as replacing minor parts,

cleaning exterior components, and providing the instruments with a clean, climate-

controlled environment. Major instruments, such as GCs, analytical balances, and GC/MS

systems, will be maintained under commercial service contracts or by qualified in-house

service technicians. All instrument maintenance is recorded in the associated instrument

logbook for reference and verification of scheduled maintenance.

Laboratory support systems such as the deionized water supplies, refrigerators, and ovens

will also be monitored and serviced regularly. In many instances, the improper functioning

of such basic equipment as a refrigerator is enough to invalidate costly data. The

laboratory QA program will be designed to minimize data loss by monitoring and

recording the functioning of these systems, allowing rapid correction of any malfunction

before data loss can occur.

Field and laboratory instruments will be constantly monitored by using daily calibration,

sensitivity, and response checks to determine when nonscheduled maintenance is required.
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In the event that an instrument does fall, every effort will be made to meet obligations to

clients concerning holding times and analysis due dates. Instniment calibration frequency

and acceptance ciiteiia are listed in Table 1-3.

1.12 CORRECTIVE ACTION PROGRAM

Corrective action for either field or analytical operations includes response,

reestablislunent of control, and documentation. -

1.12.1 Response

Corrective action will be initiated when potential or existing conditions are identified that

may adversely impact data quantity or quality. It will be the responsibility of the individual

who first recognizes an out-of-control event to initiate corrective action.
-t

Events that may require corrective action include the following:

• violation of established field procedures;

• violation of established field analytical procedures or controls;

• results of performance, system, or project QA audits; and

Corrective action may take several forms, but the following steps are almost always

included:

• Check the calculations or field forms.

• Check the instruments for proper setup and calibration.

• Reanalyze the control item.

The Jacobs Project Manager, Site Manager, QA Manager, and sampling personnel may be

involved in the corrective action. All personnel are trained to recognize and report out-of-

control conditions to supervisors. QA personnel are authorized to stop work until the

need for corrective action is assessed.
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The corrective action may be immediate or long term. A corrective action requiring

immediate response may be recalculatIon, reanalysis, or repeating sample collection.

Long-term corrective action may be identified through, but not limited to, performance

evaluation samples, standards, and control charts.

1.12.2 Reestablishment ofControl

Immediate corrective action is usually applied to spontaneous, nonrecurring problems.

Instrument and equipment malfunctions, and nonconforming field procedures are

amenable to this type of action. The individual who suspects nonconformance to

previously established criteria or protocol in equipment, instruments, data, or methods will

immediately notify his/her supervisor. The supervisor and the appropriate task leader will

investigate the extent of the problem and take the necessary corrective steps. If a large

quantity of data is affected, the task leader will prepare a memorandum to the QA

Manager. These individuals will collectively decide how to proceed.

Long-term corrective action procedures are devised and implemented to prevent the

recurrence of a potentially serious problem. The QA Manager will be notified of the

problem and will conduct an investigation to determine the severity and extent of the

problem. A corrective action report will be filed with the project manager, field manager,

and program manager. In the case of a dispute, the Jacobs corporate QA Director will

make a final determination. If corrective action will impact the project budget or

schedule, the action requires involvement of the Air Force Project Manager.

1.13 QUALiTY ASSURANCE REPORTS

The following subsections discuss QA reporting procedures and QA reporting scope and

content.
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1.13.1 Reporting Procedure

The Jacobs QA Director or his designee may, at the request of the Air Force, prepare QA

reports that document all audited field or analytical QC activities. These reports will be

submitted to the Project Manager upon completion of fieldwork.

1.13.2 Reporting Scope and Content

If a QA report is requested, the report may include the following:

• QA activities and quality of collected data;

• equipment calibration and preventive maintenance activities;

• results of data precision calculations;

• evaluation of data completeness and contract compliance;

• field and analytical QA findings and recommended and/or implemented corrective

actions;

• results of QA audit findings;

• project status and anticipated completion dates for important tasks; and

• any changes to procedures documented in the SAP.
—

Summary audit reports may be prepared after each task is completed to inform the staff

and management of QA status. A final audit report for the project will include the

following:

• periodic assessment of measurement data precision, and completeness;
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• results of performance audits and/or systems audits;

• significant QA problems and recommended solutions for future projects; and

• status of solutions to any problems previously identified.

Any incidents requiring corrective action will be documented. The summary of findings

will be factual, concise, and complete. These reports will be addressed to the Jacobs

Project Manager and QA Director.
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2.0 FIELD SAMPLING PLAN

This FSP prepared by Jacobs describes procedures that will be used to conduct activities

during the 1995 field investigations for the linited subsurface investigation for the

removal/closure of the fuel hydrant system at NAS Fort Worth. The description and

rationale for the field activities are described in the Work Plan, which is a portion of the

Environmental Cleanup Plan. This FSP is a companion document to the Work Plan. The

FSP was prepared based on guidance found in the Handbook io Support the Insiallation

Restoration Program (IRP) Remedial Investigations and Feasibility Studies (RI/FS),

Volume I (Air Force 1993). The following sections describe the procedures and

requirements for field operations, environmental sampling, field measurements, field

QA/QC, record keeping, and site management during the 1995 field investigation.

2.1 FIELD OPERATIONS

The field investigation at the fuel hydrant system will include the following activities:

• site reconnaissance, preparation, and restoration;

• subsurface soil sampling using drive-points; and

• field screening for BTEX and PAR using immunoassay techniques.

• confirmatory analysis of 10 percent of samples for BTEX (SW8020) and PAR

(SW83 10)

Associated activities include lithologic logging of samples, drive-point hole abandonment,

geophysical utility surveys, equipment decontamination, and handling of investigation-

derived wastes. The following sections describe the procedures for the field activities.

These sampling protocols are designed to ensure that (1) samples are properly collected;
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(2) samples are labeled, preserved, and transported so that they are representative of field

conditions; and (3) sampling results are repeatable.

2.1.1 Site Reconnaissance, Preparation, and Restoration Procedures

A site reconnaissance will be conducted before initiation of the field investigations. The

objective of the site reconnaissance is to obtain information to (1) recommend possible

changes in the technical approach to the investigations, and (2) allow for adequate review

of any such changes.

2.1.1.1 Site Reconnaisspnee

Where appropriate, details on specific tasks to be conducted during the site

reconnaissance are listed below:

• Locate the position of the subsurface hydrant fueling syslem in respect to surface

materials including grass, asphalt, arid concrete.

• Confirm the location of the subsurface hydrant fueling system by using a utility

locator. Stake the location.

• IdentifS' potentially contaminated areas not previously documented.

• Verify and stake proposed sampling locations.

• Assess sample locations for ease of access and usefulness of data.

• Document field reconnaissance findings.

• Evaluate observations and update maps.
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2.1.1.2 Preparation

Site preparation tasks will be completed during the first five to seven days of the field

investigations. Some of these tasks are listed below:

• Construct a decontamination facility and waste treatment unit.

• Veri1,r office space, communications, vehicles, utilities, etc.

• Become familiar with NAS Fort Worth rules, policies, procedures, names of local

POCs, and emergency telephone numbers.

• Verif' location of emergency equipment.

• Determine digging permit and utility location procedures.

• Locate underground utilities and complete Air Force Form 103 for drilling boreholes

or other excavations.

2.1.1.3 Site Restoration

Each sample location will be restored as nearly as possible to its preinvestigation

condition. Unused or surplus materials and supplies, stakes, flagging, and waste material

will be removed from each sample location as the work is completed at that area.

Equipment staging, temporary storage, and waste treatment areas will be restored to

original conditions.

Site restoration will be coordinated with the station point of contact to ensure that the

restoration is conducted in accordance with the facility requirements. Drive-point samples

will only be collected from locations at which the surface material is asphalt, grass, or

other unconsolidated material. Drive-point samples will not be collected at locations that

are surfaced with concrete. Asphalt surfaces will be patched.
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2.1.2 Utility aearance and Fuel Pipeline Location

Utility clearance and locating is an important and integral part of the investigation because

it involves evaluation of contamination along the subsurface fueling system. Utility

clearances will be conducted and the fuel pipeline will be located in all areas in which

intrusive investigations will be performed. These tasks will be accomplished before the

start of intrusive activities to minimize the risk of contact with subsurface utility service

lines and to optimize sampling locations.

Buried Utility Clearances. Before performing any shallow geophysical surveys to locate

buried utilities, Jacobs will coordinate with the station POC, and all facilities management

personnel. Completion of an Air Force Form 103 will be required as part of this process.

Preliminary clearance work will be performed by station personnel using utility maps and

information from previous clearances. Based on this information, actual or suspected

utility locations will be staked or painted for reference. This initial survey will be used as

the basis for subsequent confirmation geophysical surveys to be performed. All utility

locations tasks will be documented to aid any subsequent utility clearance work.

The position of the subsurface fuel pipeline system will be clearly marked as part of the

utility clearance because the objective of this investigation is to evaluate the presence or

absence of petroleum contamination along the pipeline. Soil samples will be collected

with a drive-point from locations spotted within 3 feet laterally of the fuel system. Depths

will vary from several feet below the bottom of the fuel pipeline to up to 20 feet below the

surface.

Geophysical Confirmation of Utility Locations. All utility and fuel hydrant system

locations will be confirmed in areas of intrusive investigations using shallow geophysical

surveys. Both conductancefmductance methods and magnetometer methods will be used

for confirmation.
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A conductance/inductance geophysical method will be used to locate subsurface cables

and utilities. Conductance/inductance instruments rely on a transmitter and receiver in

which an electrical signal can be directly placed or generated in a pipe, electrical line,

manway, or other surfhce feature associated with an underground utility. An electrical

signal is generated in the suspected utility, either directly by conductance or indirectly by

inductance. A receiver is used to track the signal and thus locate the underground

position and depth of the buried object. The conductancefmductance method can be used

for all metal or conductive materials. Inductance does not require direct contact with the

utility line being traced. However, a signal is induced in all nearby utility lines creating

interference with the signal generated by any single utility line. Nonconductive utilities

such as polyvinyl chloride (PVC) or clay pipes can be traced by pushing a transmitting

"mole" attached to a plumbers snake through the pipeline. A manufacturer-supplied user

manual for a conductancelmductance utility locator that may be used in this investigation

— is included in Appendix B.

Magnetometer surveys are used to confirm utility locations determined by the

conductance/inductance method, or to unscramble signals in which parasitic signals are

being generated by closely spaced utilities. Magnetometers detect natural magnetic fields

generated by ferrous utilities.

2.1.3 Drive-Point Drilling, Logging, and Abandonment Procedures

The sampling and logging of the soils below the fuel hydrant pumping system lines and

tanks will be completed without using a drill rig. The sampling system will use drive-point

samplers that are hydraulically pushed into the ground using a drive-point sampling

system. The following paragraphs describe the system and illustrate its soil sampling

method.
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2.1.3.1 Dnve-Ppint DriLlinE Methods

Soil samples will be collected from temporary drive-point holes during the NAS Fort

Worth fuel hydrant closure as described in the following SOP. Sample collection will

employ a van- or pickup-mounted mobile drive-point system. The drive-point is

hydraulically powered to push and/or hammer a hollow steel drive rod, tipped with a

conical drive point, to the desired sample depth. The rods are threaded, 3 to 4 feet long, 1

inch in outside diameter, and 0.5 inch in inside diameter. No rotary drilling action is

produced by the drive-point and no cuttings or dust are produced.

Soil samples will be collected using a hydraulically driven, rod-actuated, steel sampling

probe that attaches to the end of the hollow-steel drive rods (Figure 2-1). The sampler is

larger in diameter than the rods and has an inside diameter of 1 inch. If compacted or

gravelly soil horizons are present, a hydraulically-actuated percussion hammer will be used

to drive the sampling probe. Based on the known silty to sandy makeup of the soils at

NAS Fort Worth, there should be little difficulty driving the sampling probes to depths of

20 feet.

Drive-point sample locations will be surveyed using compass arid chain methods from

nearby landmarks that are shown on existing engineering drawings.

2.1.3.2 Litholo!ic Log2in2 and Samplinz

This investigation technique allows for the collection of a 1-inch diameter by 24-inch long

soil sample in a clear plastic liner that will be used for logging the hole. Immediately after

removal from the drive-point sampling assembly, both ends of the sample liner will be

checked with an HNu. The sample material will be checked using the HNu again at the

field laboratory before sample preparation begins. The ends of the sample liner will then

be capped to prevent the escape of volatiles. Only new sample liners that have been

decontaminated and are certified by the manufacturer as analyte-free will be used for the

drive-point sampling. The liners should be free of headspace. All samples will be
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collected and handled in a manner that reduces loss of volatile constituents. All logging

and sampling information will be recorded on the field log form for documentation (Figure

2-2).

The sample interval will be approximately 1 to 5 feet below the level of the buried f.iel

pipelines and above the water table. Approximately three samples will be collected,

logged, and analyzed at each drive-point location. Sample depths should not exceed 20

feet below land surface depending on the depth of the fuel pipelines and depth to

groundwater.

Soil samples will, be classified according to the Unified Soil Classification System (USCS)

(Figure 2-3) and color characterized using Munsell color charts.

After logging is complete, the sample may be used to analyze BTEX or PAH. All sample

liners should be free of headspace. Duplicate and confirmation samples will be obtained

from 10 percent of the drive-point samples. Sample identification and handling will be

documented using chain-of-custody records. Soil samples will be transported in a cooler

with ice to the field laboratory for BTEX and PM! analyses using immunoassay field test

kits.

All samples will be stored refrigerated at 40 C in the sealed liners. Samples will not be held
—

for more than 48 hours after collection before analysis. The soil samples are not

considered to pose a health or safety risk because the volumes and concentrations of

contaminants in soil samples are extremely low.

2.1.3.3 Drive-Point Hole Abandonment

If the drive-point sampler meets refusal on a shallow obstruction or the drive-point system

is unable to drive the sampler to the predetermined depth, the drive-point hole will be

abandoned. In addition, after sampling of all of the drive-point holes is completed, the

remaining holes will be abandoned.

Irpup JanUuy 10. is 2$ Recycled



I 
I 

I 
( 

I 
I 

I 
I 

I 
( 

I 

F
IG

U
R

E
 2

-2
 B

O
R

IN
G

 L
O

G
 F

O
R

M
 

Li
th

ol
og

ic
 B

or
eh

ol
e 

Lo
g 

P
ro

je
ct

 #1
0K

70
10

0 
S

he
et

 
of

 
S

ite
 ID

 

N
or

th
in

g 
E

le
va

tio
n 

D
at

e 
S

ta
rle

d 

D
ril

lin
g 

C
on

tr
. 

D
ril

l M
et

ho
d 

S
am

pi
e 

T
yp

e 
H

am
m

er
 W

t. 

Lo
ca

tio
n 

ID
 

E
as

tin
g 

T
.D

. 
D

at
e 

C
om

pl
et

ed
 

D
ril

le
r 

R
ig

 T
yp

e 
G

eo
fE

ng
. 

B
ac

k!
 li

ed
 D

at
e 

(*
1)

 h
w

p\
aM

w
\ta

D
le

sT
B

LS
E

C
2X

LS
 

l9
/9

5 
Pa

ge
 I 

oi
l 

N
 

__
__

__
__

__
__

__
__

__
__

__
__

 
W

ea
th

er
 C

on
di

tio
ns

 

__
__

__
__

__
__

__
__

__
__

__
__

_ 
N

am
es

 of
 P

er
so

ns
 P

re
se

nt
 

t)
 

In
te

rv
al

 I 
D

es
cr

ip
tio

n 
D

ep
th

 in
 

S
am

pl
ed

 S
am

pl
e 

P
er

ce
nt

 
H

N
U

 o
r O

V
M

 
B

lo
w

s 
S

am
pl

in
g 

W
at

er
 

U
S

C
S

 
G

ra
ph

ic
 

F
ee

t 
In

te
rv

al
 

N
um

be
r 

R
ec

ov
er

y 
R

ea
di

ng
 

P
er

 6
 

M
et

ho
d 

C
on

te
nt

 
C

od
e 

C
ol

or
 

Lo
g 

0 5 10
 

15
 

20
 

25
 

30
 



FIGURE 2-3

(xl) U9/95 2-10
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UNIFIED SOIL CLASSIFICATION SYSTEM —
Major Divisions ( General Description

Coarse-Grained Soils Gravels

More than half coarse

fraction is larger than No.4
Sieve

Clean gravels with Uttle or no fine5 GW

GP

GM

GC

SW

SP

Well graded gravels, gravel sand
mixtures.More than half is larger

than No.200 Sieve Poorly graded gravels,
gravel-sand mixtures.

Gravels with over 12% fines Silty gravels, poorly graded gravel
sand-silt mixtures.

Clayey gravels, poorly graded
gravel sand-clay mixtures.

More than half coarse
fraction is smaller than No. 4

Sieve

Clean sands with httle or no fines Well graded sands, gravelly sands.

Poorly graded sands, gravelly sands.
Sands with over 12% fines SM

SC

ML

CL

OL

MR

Silty sands, poorly graded sand-silt
mixtures.

Clayey sands, poorly graded
sand-clay mixtures.

Fine-Grained Soils
More than half is smallei

than No. 200 Sieve

Silts and Clays
Liquid limit less than 50%

llind Clays
Liquid limit greater than 50%

Inorganic silts and very fine sands,
rock flour, silty or clayey fine sands.

Clayey silts with slight plasticity.
Inorganic clays of low to medium

plasticity, gravelly clays, sandy clays,
silty clays, lean clays.

Organic clays and organic Silty clays
of low plasticity.-

Inorganic silts, micaceous or
diatomaceous fine sandy or Silly soils,

elastic silts.
CR

Pt

Organic clays of medium to high

plasticity, organic silts.

Highly Organic Soils Peat and other highly organic SOIlS



Drive-point samplers create a hole approximately 1.5 inches in diameter extending from

the surface to the bottom of the hole. These holes cannot be abandoned using standard

borehole abandonment procedures because of the narrow diameter of the hole. To

abandon the drive-point holes, the following procedures will be followed:

1. Grout will be mixed using a grout pump and tank until the grout is free of lumps.

The grout will consist of 95 percent portland Type H cement and 5 percent

bentonite. Sufficient water will be used to create a fluid, low viscosity grout.

2. A grout fi.mnel will be placed in the hole. Grout from the tank will be transferred

to the funnel either by pumping or by buckets and will be allowed to run down the

hole. Tremie pipes cannot be used because of the narrow diameter of the hole.

3. After 15 minutes, the hole will be topped off with additional grout.

The fluid, low viscosity grout will infiltrate into the alluvium around the hole, creating a

low permeability zone and sealing the hole. All drive-point holes will be examined before

demobilization. Additional grout will be added to the holes at this time if needed.

2.1.4 Soil Sampling from the Underground Storage Tank Eicavations

Soil samples will be collected using a drive-point sampkr from around the perimeter of the

UST location. Soil samples will be collected from the UST excavations beneath pumping

station C after demolition of the station and removal of the USTs has been completed.

Utility clearances will be conducted before the start of intrusive activities. A backhoe will

be used to excavate and remove the USTs. The backhoe will also be used for collecting

soil samples from beneath the UST locations. Personnel will not enter the excavation for

sampling purposes. Sample locations will be determined by observing stains and

monitoring the soils using an HNu as they are excavated. The backhoe bucket will

remove soils from the bottom of the excavation, and the sample will be collected directly

from the backhoe bucket and placed in the appropriate sample containers. Soil samples

will be analyzed for BTEX (SW8020) and TPH (E4 18.1)
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The following information will be recorded in the field logbook for samples collected from

a backhoe bucket:

• sample location in the excavation, and sample designation and associated tank

designation;

• estimated depth;

• type of backhoe and operator name;

• depth and thickness of distinct soil or lithologic units;

• USCS classification of sample material and Munsell color designation

• HNu readings obtained from the sample materials;

• description of any man-made materials or debris in the material sampled; and

• other pertinent information and observations.

Excavated soil will be characterized by Method E4 18. 1 and immunoassay for BTEX, with

10% of analyses confirmed by SW8020. Sampling frequency will be approximately one

per 50 cubic yards.

2.1.5 Equipment Decontamination

If high levels of contamination are evident based on visual observation and Hnu readings

during the drive-point sampling, the drive-point rig will be decontaminated after the drive-

point hole has been advanced. Otherwise, the rig will be decontaminated only on initial

arrival at NAS Fort Worth and upon completion of the fi1el hydrant system investigation.

The rig will be steam cleaned until all visible soil and grease have been removed.

The actual drive-point soil sampler will be cleaned between each sample with an Alconox

or Liquinox and potable water solution and brushes. The sampler will then be triple rinsed
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with potable water, nnsed with American Society for Testing and Materials (ASTM) Type

II reagent-grade water, rinsed with pesticide-grade methanol and pesticide-grade hexane,

and left to air dry. The drive-point rod will be cleaned and decontaminated using exactly

the same technique between each hole.

2.1.6 Waste Handling

A decontamination pad, soil stockpile areas, storage tanks, and recycling bins are to be

located in a decontamination facility built for the demolition of pumping station C,

removal of the associated USTs and for the abandonment of the fuel hydrant system.

Investigation-derived wastes generated during the investigation along the fuel hydrant

system will be characterized, segregated, recycled, or disposed of through this facility.

Because the drive-point method generates no cuttings or dust, the only wastes generated

by the proposed sampling and analytical method are associated with disposal of soil

samples, laboratory reagents, and decontamination water and chemicals.

—
The soil samples will be characterized as either containing contaminants or clean, by the

immunoassay analyses for BTEX and PAR The soil samples will be segregated according

to their characterization and placed in separate 55-gallon ring topped drums. Periodically,

the drums will be taken to the decontamination area and placed on the appropriate soil

stockpiles. Imported clean soils will be used as backfill in the excavation created for the

UST removal. Solid materials that are not recyclable will be placed in roll-off bins and

transported to, and disposed of, at an approved landfill.

The waste potable and Type II water from equipment decontamination at the sampling site

will be transferred from the tubs or pails used to catch them to either the decontamination

pad or a temporary holding tank at the decontamination facility. Decontamination water

will then be transported to a wastewater recycling facility for final treatment and disposal.

Waste reagents from the laboratory analyses and waste hexane and methanol from the

decontamination will be caught and stored temporarily in 5-gallon plastic pails. This

material will be allowed to evaporate during times when the 5-gallon buckets are secure
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and monitored. Residual material at the end of the investigation will be placed in the

temporary holding tank at the decontamination facility for disposai at the wastewater

recycling facility for treatment.

2.2 ENVIRONMENTAL SAMPLING AND SAMPLE DESIGNATION

The sampling and sample designation at NAS Fort Worth will involve only the collection

of soil samples collected via a drive-point as discussed in Section 2.'!. The sampling,

sample handling and identification, sample custody, and field QC procedures wilJ be

discussed briefly in the following paragraphs.
—

2.2.1 Subsurface Soil Sampling Procedures

The drive-point investigation technique allows the collection of a 1-inch diameter by 24-

inch long soil sample in a clear plastic liner. The ends of the sample liner will be capped to

prevent the escape of volatiles. All sample liners should be free of headspace. The samples

will then be used to analyze total BTEX and PAH at appropriate locations..

The interval from which samples will be collected will be approximately 1 to 5 feet below

the level of the buried fuel pipelines and above the water table. Approximately three

samples will be collected, logged, and analyzed at each drive-point location. Sample

depths will generally not exceed 20 feet below land surface, depending on the depth to the

water table.

2.2.2 Sample Handling and Identification

Field identifiers will be assigned to the soil samples and will appear on the sample labels,

chain-of-custody forms, field sampling forms, and in any field logbooks used by the site

geologists. Sample identification and handling will be documented using chain-of-custody

forms (Figure 1-3). Because the soil samples collected for this project will not be input

into the IRPIMS database, IRPIMS-compatible identification numbers will not be

required. For ease of identification, however, the field identifier will include
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identifier will include predetermined abbreviations for the site, project, location, and

sample number as previously described in Section 1.5.2.

After collection, logging, and identification with a sample number, soil samples will be

placed in a cooler with wet ice for transportation to the field laboratory for BTEX and

PAH analysis using imniunoassay field test kits. All samples will be transported and

stored in refrigerators in the sealed liners. Samples will not be held for more than 48

hours after collection before analyses. Analysis will not be conducted on samples that

exceed holding times. No preservatives other than cooling to 40 C are to be used with the

soil samples. Excess sample material and analytical residues will be disposed of as

described in Section 2.1.6.

—

Immediately after confirmatory samples are collected and labeled for offsite laboratory

analysis, they will be placed in a sturdy ice chest. The samples will be packed with shock-

absorbent materials, such as bubble wrap, to prevent movement of sample containers

during transport. The ice chest will be packed with resealable doublebagged ice packs and

sealed with packaging tape. Custody tape will be affixed over the ice chest lid to prevent

or indicate tampering.

rnple Packagijig, Samples will be placed with ice in a cooler along with the appropriate

chain of custody records. The chain of custody sample log sheet will be filled out in

indelible ink, placed in a resealable plastic bag, and taped to the inside lid of the cooler.

Each collected sample fraction contained in the cooler will be specified on the chain of

custody records by the field sampling identification number. Sample containers will be

packaged to minimize potential breakage.; Sample packaging for offsite laboratory

shipping will meet U.S. Department of Transportation (DOT) requirements.

ppi!g_Containers. At least three bands of strapping tape will be wrapped completely

around the cooler to secure the lid. The cooler will be sealed with evidence tape and

labeled Fragile and This End Up on all four sides. The containers will be shipped to the

laboratory for analysis in accordance with DOT regulations and procedures. Air-bills will
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be properly completed and copies retained and placed in the project file. Samples

collected for the field screening laboratory will be delivered directly to the laboratory.

Taping and ice chest labeling are not necessary for delivery to the onsite laboratory.

Chain of Custody Record. A chain of custody record will be completed for every sample

and will accompany every shipment of samples to both the onsite and offsite laboratories

to establish the documentation necessary to trace sample possession from time of

collection. The chain of custody record is shown in Figure 1-3. The records will contain

the following information:

• sample or station identification number;

• signature of collector, sampler, or recorder;

• date and time of collection;

• place of collection;

• sample type;

• signatures of persons involved in chain of custody, and

• inclusive dates of possession.

The laboratory portion of the form will be completed by the designated laboratory

personnel and will contain the following information:

• name of person receiving the sample;

• laboratory sample number;

• date of sample receipt;
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• analyses requested; and

sample condition and temperature.

Transfer of Custody and Shipment. Samples will be accompanied by chain of custody

records. When transferring the samples, individuals relinquishing and receiving the

samples will sign, date, and note the time on the chain of custody record. The field

coordinator will notilj the laboratory coordinator when samples are shipped to the offsite

laboratory for analysis. -

2.2.3 Sample Custody

A chain-of-custody form must accompany each cooler at all times in the field or the

laboratory. An example chain-of-custody form is shown as Figure 1-3. This chain-of-

custody form must be signed and dated at the time of transfer from the field geologist to

the field laboratory analyst. At any time that the coolers are left without an attendant,

such as samples left overnight for analysis the next day, each cooler must be sealed with a

signed custody seal and kept in a locked trailer or office.

2.2.4 Field Quality Control Samples

QC samples that will be collected during the field investigation are summarized in Section

2.2.10. The following paragraphs describe the types of field QAJQC samples that will be

collected.

Trip Blanks. A trip blank consists of ASTM Type H reagent-grade water. The offsite

laboratory prepares the trip blanks in controlled conditions and ships the blanks to the site

with the precleaned sample containers. The trip blank is then shipped back to the offsite

laboratory with each sample shipment containing samples to be analyzed for BTEX. The

trip blank is analyzed with the sample batch for BTEX compounds. The purpose of the

trip blank is to determine whether cross contamination between samples occurs during
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shipment to the laboratory. One trip blank will be included with each cooler sent to the

ofl'site laboratory.

Ambient Blanks. Ambient blanks are prepared in the field by pouring ASTM Type II

reagent-grade water into 40-mL vials at or near the sample location. The ambient blanks

are labeled and handled with other field samples and analyzed for volatile organic

compounds. The purpose of the ambient blanks is to determine whether ambient

conditions are affecting field sample results. One ambient blank will be analyzed per

volatile organic analysis sampling round.

Duplicate Samp!es. Field duplicate samples will be collected to assess the variability of

field sampling methods and variations in contaminant concentrations within a like sample.

Duplicate samples will be analyzed for the same parameters as the primary sample. Care

will be taken to make certain that the samples represent the matrix sampled. Duplicate

samples will constitute 10 percent of the total number of environmental samples. The

duplicate samp'es for the offsite laboratory will be blind samples and labeled with a
—

different sample identification number than the primary sample. Duplicate samples will be

selected based on visible stains, odors, or NNu readings.

Equipment Blpnks. Equipment blanks are collected by decontaminating the sampling

device and collecting final rinse waters in the sample container. Equipment blanks are

collected to determine whether decontamination procedures are adequate. The equipment

blanks will be analyzed for the same parameters as the sample collected using the

equipment. One set of equipment blanks will be analyzed for each day of sampling.

Field ReDljçates. Field replicates will be collected from 10 percent of the soil/sediment

samples collected and divided into two equal parts for analyses. Each replicate will be

labeled with a sample number different from the sample being replicated. Both replicates

will be analyzed for the same parameters.
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2.2.5 Sample Analysis Summary

Soil samples will be collected from an estimated 160 locations along the fuel hydrant

system. Up to 3 samples will be collected at each location. All samples will be analyzed

for total BTEX and samples at approximately 50 percent of locations will also be analyzed

for PAM using field screening methodologies (EPA draft method SW4030). Samples for

confirmatory analyses will be sent to an offsite laboratory and analyzed for BTEX

(SW8020) and PAM (SW83 10).

Drive point soil samples will be collected from 12 locations around the perimeter of the

UST excavation at pumping station C and soil samples will be collected using a backhoe

from beneath each of 6 USTs as they are removed. These samples will be sent to an

offsite laboratory for BTEX (SW8020) and TPFI (E4 18. I).

Table 2-1 summarizes the number of samples, analytical methods, and sample types to be

analyzed as part of this investigation.

2.3 FIELD MEASUREMENTS

Air in the breathing zone and sample material exposed at the ends of the sample liners will

be monitored using an HNu.

The primary field measurements to be performed for the NAS Fort Worth fUel hydrant

project are the field screening analyses for BTEX and PAH in the soil samples collected

using the drive-point sampler. The following sections describe the sample analysis

procedure and the calibration, maintenance, and decontamination of the analytical

equipment.

2.3.1 Parameters

The following measurements will be performed in the field during drive-point sampling

and analysis at the field laboratory.
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2.3.1.1 Oraaniy Vapor Analysis

During sampling, the air in the breathing zone and exposed soil at the ends of the sample

liner will be checked with an HNu for organic vapors. If organic vapors are detected in

the breathing zone, procedures provided in the HSP will be followed. If organic vapors

are detected in the sample, a comment specifying level of detection will be made on the

chain-of-custody form alerting the field analyst to the presence of contaminants in the

sample.

2.3.1.2 Immunoassay Analysis

During the field investigation, immunoassay field test kits will be used to perform rapid

screening analyses of BTEX and PAll in the soil samples. The screening data will be used

for two primary purposes: (1) to identify the presence or absence of BTEX contamination

at each site and PAH at approximately 50 percent of sites, and (2) to select areas that may

have soil contamination higher than the State of Texas soil remediation standard

delineated in the state UST regulations. It is anticipated that approximately 1,000

samples, including duplicates, will be analyzed using these test kits during the project. Up

to 70 individual samples can be analyzed as a single batch.

The immunoassay test kits come with all materials, equipment, and supplies to perform

tests and establish calibration curves for each batch using standards supplied by the

manufacturer. Higher detection limits can be achieved by additional dilution of the sample

extracts. The kits are used in a four-step process. Step I includes extraction and

preparation of the sample, including weighing, extracting, and filtering each sample. Step

2 includes preparation of standards, while Step 3 is the actual testing of the sample by

mixing the sample extraction and the standard and measuring the resulting color in a

photometer. Step 4 is the interpretation of the sample results. Appendix A contains

detailed instructions for use of the immunoassay kits and typical detection limits provided

by the manufacturer.
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2.3.2 Equipment Calibration

To meet the data quality objectives set in the QAPP, proper calibration procedures for the

field screening analysis and monitoring will be followed. Manufacturer's instrument

manuals can be found in Appendices A and B.

For the immunoassay field test kits, the QC check will be obtained by the use of 10

percent duplicate analyses of samples collected using the drive-point sampler, method

calibration using manufacturer-supplied standards, by analysis of method blanks and by

analyzing two matrix spike replicates for each analytical batch.

Calibration of the HNu will be conducted on a daily basis. Instrument calibration will be

pet-formed using isobutylene gas of known concentration. Calibration will be performed

according to the manufacturer's recommendations and will be recorded in a logbook. All

adjustments to the instrument settings will be recorded in the field book. Routine

maintenance consists of battery charging and occasional lamp or fan cleaning.

2.3.3 Equipment Maintenance

Field measurement equipment for the immunoassay field kits, HNu, and utility locator will

be maintained according to the manufacturer's recommended procedures provided in the

instrument operations manual in Appendices A and B. On a routine basis, the instruments

will be inspected and will be thoroughly cleaned.

2.3.4 Decontamination

Field measurement equipment will be kept free of contamination. The immunoassay field

test instrument Will be decontaminated following the manufacturer's recommended

procedures provided in the instrument operations manual in Appendix A. On a routine

basis, the instrument will be thoroughly cleaned with recommended solvents and potable

water and rinsed with ASTM Type H reagent-grade water.
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2.4 FIELD QUALITY ASSURANCE/QUALiTY CONTROL PROGRAM

To ensure that sampling and monitoring activities will meet the data quality objectives, QC

checks will be implemented for parameters measured or analyzed in the field. All QC

check information will be recorded in project-specific field notebooks. The following

sections discuss control parameters, control units, and corrective actions for the field

investigation.

2.4.1 Control Parameters

Control parameters for air monitoring and field analysis using inununoassay techniques

will be monitored during the field operations. As described in Section 2.3, calibration of

field instruments and operational checks will be conducted periodically according to

manufacturer's specifications. The frequency of the field control check duplicates will be

a minimum of 10 percent of all field measurements. As applicable, the materials used to

verifj the measurements will be from certified sources. Instrument use, maintenance and

calibration will follow manufactur&s and IRP Handbook (Air Force 1993) guidance.

The imrnunoassay instrumentation will be controlled according to the method

specifications and manufactur&s SOP (Appendix A). These controls will include the

analysis of calibration standards, method blanks, field QC duplicate/replicate samples.

Before sample analyses, the instrument will be verified for proper installation and

operation.

2.4.2 Control Limits

Control limits for instrument calibration and duplicate precision are based on project data

quality objectives. For air monitoring with an HNu photoionization detector (P11)), the

acceptable RPD between duplicate readings is 0.5 units.
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The field control limits for the immunoassay laboratory instrumentation based on method

analysis and calibration standards are included in Appendix A. For replicate immunoassay

sample analysis the acceptable RPD is 30 percent.

2.4.3 Correctwe Actions

Corrective actions for the HNu will include recalibrating and remeasuring.

Corrective actions for the immunoassay instrumentation are described in Appendix A.

Failure to meet the required criteria described in the established methodology or within

this document will result in corrective action by the onsite analyst.

Corrective action for all field instruments will involve a review of the operator's manual.

If necessaiy, instrument maintenance and repairs will be performed as corrective actions,

in addition to normally scheduled maintenance operations.

2.5 RECORD KEEPING

Records will be kept for all activities associated with the field activities, as a means of

maintaining fill documentation of project QAIQC procedures and compliance. Records

will be kept in the form of logs and standardized forms. The following logs and forms will

be used on this site:

• soil boring log (includes P readings);

• field logbook;

• immunoassay sample preparation form;

• immunoassay measurements and calculations form;

• field laboratory logbook;

• visitor log;

• photograph log; and

• daily field activity forms.
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These forms will supplement the Site Manager's Field Logbook. Examples of these forms

are included in Appendix C.

2.6 SiTE MANAGEMENT

The following support activities will be provided by the Air Force:

• locating underground utilities and issuing digging or other appropriate permits before

commencement of digging and drive-point sampling operations;

• assigning an accumulation point;

• assisting Jacobs with obtaining existing engineering plans, drawings, diagrams, aerial

photographs, digitized map files, etc. to facilitate evaluation of the investigation;

• arranging for personal identification badges, vehicle passes, or entry permits;

• ai-ranging for staging areas for storing equipment and supplies; and providing a supply

of potable water; and

• arranging for the necessary keys to locks.

Jacobs will supply the Site Manager whose responsibilities will include the following:

• ensuring that the performance of field activities are according to the contract, Work

Plan and health and safety guidelines and specifications;

• coordinating overall site activities;

• scheduling;
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• trackiiig field budget and comparing budgetary accounting with subcontracto?s daily

and monthly field reports; and

• liaison between contractor and client personnel.
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OHMICRON Product Profile

S

General Description

Volatile organic compounds (VOCs),
— such as benzene, toluene, ethylberizene

and xylene (BTEX). are pflncipal pollutants
in petroleum contaminated sites. The
adverse effects of VOCs vary widely

— aepending on the compound, or mixture of
compounds, their concentrations and
exposure rates. Benzene has been shown
¶0 be a muttiorgan carcinogen, a human
leukernogen. a mutagen and a neurotoxin.
Other BTEX components have these
effects to varying degrees.

Petroleum-derived fuels, such as
— gasoline, jet fuel, diesel fuel and kerosene,

are complex mixtures of organic corn-
pounds, predominantly hydrocarbons. Their
compositions vary depending on the source

— of the crude Oil and the refining process, As
a result of their widespread use, VOCs are
'ie most prevalent chemicals at contami-
nated sites across the United States and
aoroad. Contamination of Soil and ground-
'a1er by refined petroleum products occurs
Irequently during their transport, processing
and storage. A General Accounting Office
survey identified one of the most prevalent
sources of groundwater contamination as
leaking underground storage tanks.

Soil and groundwater contamination by
one or more VOCs are the primary focus of
iiajor characterizations, assessments and
remedial actions for petroleum contami-
nated sites.

— The RaPID Assay kit for Total BTEX
offers a rapid, field-portable and cost-
effective method of determining light fuel
concentrations. Fuels or solvents contain-

— ing BTEX or closely related aromatics can
be detected using this kit. Gasoline, diesel
fuel, kerosene, fuel Oil and jet fuels can be
detected at levels consistent with state and

— federal clean-up standards. The specificity
arid sensitivity of the test offer key advan-
lages over current field methods and costs
and time savings over laboratory methods.

— The Total BTEX RaPID Assay applies
the pflnciples of enzyme linked immunosor-
bent assay (ELISA) to the determination of
Total BTEX and closely related compounds.

— ELISAs use selective antibodies attached
to solid supports in combination with
sensitive enzyme reactions. The immuno-
chemical reaction provides high selectivity

— for light aromatics due to the extraordinary
discriminatory capabilities of antibodies.
The powerful catalytic ability of the enzyme
provides highly sensitive detection.

Total STEX RaPID Assay®

Features

Rapid — 50 results in less than 60 minutes after sample
preparation.

Precise — %CV 17% at 1 ppm in soil.
%CV 12% at 10 ppm in soU.

Accurate — highly selective immunochemical method.

Efficient — rapid results can cut costs by allowing better
personnel and equipment utilization.

Sensitive — least detectable dose is 0.02 ppm as Total BTEX
Standard (90% B/Bo) in water.

Test Range — water: 0.02 to 3.0 ppm as Total BTEX Standard
soil: 0.2 to 30 ppm.



—

decant and wash.

Total BTEX RaPID Assay® — Assay Protocol 355 °
1. Add 200 p.tL of prepared

zyrne conjugate, and

coupled magnetic

sample, 200 piL en-

500 ptL antibody

particles.

2. Incubate for 15
minutes.

3. Using the RaPID

magnetic separator,

I

4. Add 500 p.iL color
solution. Vortex.

5. Incubate 20
minutes. Blue

color develops.

Blue

i±—h 6. Stop the reaction and

[J read color at 450 nm.

i
Solution turns yellow.

Yellow

I

Performance Results

Specificity
— The Total BTEX RaPID Assay has an

estimated minimum detectable concen-
tration, based on a 90% B/Bo, of 0.02
ppm Total BTEX.

— The cross reactivity of the Total
BTEX RaPID Assay for vaflous petro-
leum hydrocarbons can be expressed as
the least detectable dose (LDD) which is
eslimated at 90% B'Bo, or as the con-
centration (lC) estimated at 5O% B/Bc.

LDD lC
— Compound (ppm) (ppm)

Total BTEX 0.02 0.65
,n.Xylene 0.03 1.80
p.Xylene 0.13 3.10

. o.Xylene 0.22 4.70
Ethytbenzene 0.24 7.80
Toiuene 0.44 740
Benzene 0.59 51.0
Naphtflalene 0.03 0.59
t.2.4TnmethyIbeflZefle 0.04 1.15
Anthracene 0.06 2.60
Styrene 0.07 28.0
HexachlorObeflzefle 0.08 NR
Phenanthrene 0,08 1.60
Creosote 0.10 4.78
1 ,3$-Tnrnethylbenzene 0.14 3.50
Acenapthene 0.17 6.20
n-Propylbenzene 0.27 4.70
n-Hexane 6.30 NR
n-Octane 3.40 NR
n-Nonane 4.40 NR
r,-Heptane 2.35 72
Cyclochexane 830 NR
n-Oecane 13.5 NR
Methylene Chloride NR NR
Tnchloroethylene NR NR
Gasoline 0.43 42.1
Mineral Spirits 1.12 24.9
Diesel 1.29 16,2
Kerosene 1.50 24.0
Jet A-Fuel 2.70 335
Household Lubricant 15.8 NR

Total BTEX is defined as equivalent parts of
benzene, toluene. ethytbenzene and m-, o- and p-
xylene (i.e. 1 ppm Total BTEX is composed of I
ppm each of benzene. toluene. ethyl benzene
and in-. 0- and p.xylene.) Alternatively. Results
can be expressed as the sum of the components
by multiplying the repeated value by 6.
NR - nonreactive up to 100 ppm.

Recovery
Four (4) drinking and well water

• samples were spiked with various
levels of Total BTEX and then assayed
using the Total BTEX RaPID Assay.

• The following results were obtained:

Amount of Recovery
Total BTEX Mean S.D.
Added (ppm) (ppm) (ppm)

0.15 0.13 0.02 88

0.50 0.52 0.07 105
1.00 1.12 0.13 112
1.50 1.67 0.19 111

Average 104

Precision
The following results were obtained

in water:

Control 1 2 3 4

Replicates 5 5 5 5
Days 5 5 5 5
n 25 25 25 25
Mean ppm) 0.10 0.51 1.82 2.30
% CV 24.3 17.1 12.6 17.3
% CV 9.6 4.4 4.8 18.5

a (within assay)
(between assay)

The following results were obtained
in soil:

Control 1 2

Replicates
Mean (ppm)

10
0.94

10
0.2

When using the RPA-l RaPID
AnalyzerTM, results are reported in
ppm Total BTEX. If read in a standard
spectrophotometer, results from the
calibrators are plotted on graph paper
and used to determine final results. It
is recommended that a control be
included in each run. A positive control
(2.1 ppm) is supplied with the Total
BTEX RaPID Assay kit.

As with any analytical technique
(GC, HPLC, etc.) results requinng
some action should be confIrmed by
an alternative technology.

Ordering Information

Total BTEX Products

RaPID Assay kit. 30 and 100 tubes
Sample Diluent, 100 mL
Proficiency Samples
Sample Extraction kit, 20 tests
Total BTEX Soil System, 20 tests
Total BTEX Soil System, 80 Tests

For ordering or technical
assistance contact:

Sales Department
Ohmicrori Environmental Diagnostics, Inc.

1-800-544-8881
(215) 860-5115

Fax (215) 860-5213

OHMICRON



Total BTEX
Sample Extraction Kit

• Intended Use

Fir ins in conjwictson with R.PID Prip" Soil Colhctiai kit wad thu
Islet BTEX RsPIO Auay Kit ii, isIs nureliwi .1 p.traUn
hy*.ciittons soiasIy r,f.nsd I. ii ETEX
•Ihyissiizsiu. tah*in end Mimi) m tail.

• Principle

Baumm, tubari, athybnane sodsyhiws STEX) a,, pint ifs
hued chin of volathe .rgamc cs.poads IIOCt) cinumsi)y brad
m todi. As a result if thur wshuprud and mimasha hwy
in, uwig the mini provelant cluamicila it uniuiam.l.d alias
saul the United Ststas wad ab.,,d.

Thu megeolo unsaid is thu RaPID Pmp Tot,J OTEX Senpis

Estraction kit how bssus epluuaaed tar fast. sthcin* removal if

pslr*uan hydr.cvhans irs. sail and canvstwnt p.pvltuoir of the

anapU for innawsnsi.y it lush it mutest to thu istigatit.
Thu syirem aIlowt I or rubble. cininruunt and ccst eftuctiw
istsrntinatmns at Ui. fleW sitting it rernediltrin iii,.

• Description of Contents

1. STEX (xtraclion Soiuliost

Culcian ctaloiids in 75% mithinol
r.,hit: 20bottlscinlaiising lOmLuch

2. BTEX Extrict Diluunt
Buffered iulitu tolulmo centuitung preservltivas and stebdszers

without any duisci able STEX.

N' kit: 20 thu containing 4.5 ml. aecfl
3. FIt. hundred mucrnuil.r piiciusn pupal.

4. Pipsi tips
per hit: 21 disposaDle plastic lyre

5. Chain of cualody contamur leheh.

par kit: 30 labile fir diluins visit

• Reagent Storage and Stability

SI.. all r,agslila and cunpouwuatu ii $ dry wall wntihstad aria at

2.:J0C. Reagent. muy ha utad until lbs uxput ion data ;howut iii

thu ails.

C,nsalt local. stats suad f.d.,,I regulituoni for propur disposal of all"a'.
• Materials Not Provided

itt uddiiion to iii. material, providud. Ui. following ilimi w be
mauwy for thu pitt onnancu ii the procodws:

• RaPID Prep Sail Colluctioss Ku

• ilapwaiclt ii clock with second hand

• pamanenl mackleg pets
• pus CcItt. gloves
• digital hslancs hoplional. avail tram Oteuuicroiil

• Sample Information

Acquashion of soil savupisa should ha doin with ii little disruption us

psashi duilig ollcI ion and hind Wag Is minima Ion of the

valati cwapormds.

It ii recusevistidud that sxtraclud sill susipis ha staid cold and

analysed within 40 hoqits. Extrscrod siniapis should hi diluted

imisdiululy pilot to ivalustuin m the Inset 8TEX RaPID Assay.

This kit was validated forum with soil swuphi. Other types if
suspU maiflusi wad solid will., muy ,eqiis diffararit pr.cudwis
a extract putrilirni hydrscwbrs.

• Procedural Notes and Precautions

IMPORTANT: Open OTEX Extract Dust bottles c.r.fully. They
hats hem uvsrfàd a aEunsatu as mueb has — ipaus as possible
silo, addition of 500 pi. of sunpi extract.

Do riot we any mapot hiyead its stated sill Bbs.

AviS contact at sit rich., sohois 75% inst howO with tIm.1
mocuua muntkanu. U this reupui sea., is untuct with skis
wails with wits,.

Thu fits huidt,d maolite, pupal I cealdured atsd

should ha uliacardud eftur the kit ugeols ii isplatat

The uccia.cy if final results w dsp.adipon an the we tabs
m pupsthing thu toil axtrict lit, It. uaI1.
• Umitetions

Tim Total OTEX RaPID Assay is aautiw Ii must unil annuals

hyisocabons bound 'in lush. Retails lbs Specificity tabis iv lii.

1.5.1 8IEK RaPID Assiy package boast far shia so individual

citnpourtda as well as caissonmixtiges. ig. pussilem,
The Total BTEX Sinupt. Estroclwn kit, whus aid is cauupmcli.n
*ith RaPID P.0 Soil C&ioctiin hit mlii. laid BIEX RaPID

Amy,will provids scr,uuiig uSia. Results reguirlip toni. action
tiamsid ha coitfirmid by • s tunclogicul met hot

• Extraction/Filtration Procedure

Read the Procodurul Notes inad Precoutions and thu RaPID Prep Soil

Collection kit package main befit, piacasdirtg. Vuramas toil

sunpling options are prisented lithe Sell Collection Kit package
ismrt.

1. Writ. sample iafoimuton on the Isb.Is providud tot aol

collection duvu, extrict calinction vials and BTEX Extract Oduest

vials. Apply lehait to apprspnatu uSa.

2. Sai.pI.sg Remove she screw cap irs. the sod cohisctit end

calisct soil by titus. it by weight as billows:

2.1 Dy v.Iu.w.: With the plunger fully dupnenad l0ushed to the
lap at the tuba), pick soil into lii. spas. arid at thus cohioclinus tubs.

Unscrew the plunger rid irs. its piwigur by turnmig lbs laaiadlu

cowatsrchockwi,e. LjS the soil flush with U. Iopetths colta ci it
has using thu plimpr rod. Using the we pinion of the hindu,
push lii soil sutiph and Ills plunger us 11w hills..

2.2 Dy w.iØl usia, dgi&b*Ia.c.:
Optima t. Remove mew cop. lure the soil csdsctit with ifs

plunger rod. Colluci liii soil By vokiiis. lvii it off arid push the
soil and plungir to the bittern of thu tuba. Ileattedi plunger rod
atid weigh the tubs cant tuning the soil Subtract sitginal weight

trans luau wuight to Iatsn,wu eel weigiat. Rucerid the weight .f

Ills soil.

Option 2. R.mow th. scriw cap inid pbmpi, redunit iii snipS y

cocIion tubs. Position thu plunger ii tim bout inn ii the collection
tat.. Aitacbthemdbeaupmuiptovldedandpiacathutiinaivan
upright position antIs. belancu stud tare waight. Weigh 10±01
geina if soil into the tuba. Rscond the soil waiglat.

3. btncoi.,

3.1 Position this mid cailcluoiu tube eaett lining a soil cusp. upright

is the Stynofos. reck.

3.2 Poor II. coolants if we vial of BTEX Extruclisu, Soittien late

the cokctar. Scraw the cap Iwithuet tilted at lightly and tusk.
swe that the hi.rcapua.ciaad
3.4 Sliuks far 80 seconds.

3.5 Pssitien thu cahhictisn tuba uptight Ilk, rack sod abs the
miztwi to settle 1 mind..
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4. Filh,,Wu

I Remoss IN straw cap and uttadi tha fdtsr cap. Hind fightun
ati muislanc. felt.2 Attach IN pUiar sd. fits pksisr at theto9 cakctai.

4.3 Remove the bar cap and liven IN sal cil,ctsr so that lbs
St COin lopiadicind swracohclatnvuii. Kaip limited tar.
IW minds to wet II. IlIac and Is a9sw the hula tsds
srsuEs the (liarml, tN hr c.

4.4 Apply .9qlst punts, is IN pbzisr hu.. TN filfialu w
Nap Is flow .me p.dckty an ua.l prnsiU antluaady
—t
5 II wdhsthut30dssps(1.5utJ.ofthsfiltrsI,E Cap

viaL

flit unarmt a! filtrilu is sufficlit ii padinn daipilcits molyans
RaPIDAssaybita. TNvulwduptsSmt.fliltrst.it

ddilionii sstraci volts., is dsiis IN fdtrats cumsvm hEX
....j stahl. wN. storid m the sxlrint cohectian viii at 4°C tar 4$

heart

Dilution Procedure

sxig the pipst provided. caiifiy transfer 500Lof II. estrict
Mcily ml. s.i.i.r BTEX Extract Dikunt 14.5 mL). Ml by
nwlmg seimual Sinai.

—.ht* muTha, can now N msasw,d so snp1 acwdaig a the

pacupa mart if di. Tell ETEX RaPID Aiiiy ITotal BTEX RaPID

lsaiy bit pracsdw, slap 13). ft I uScinlsnindid that lIt. swepI
a assayed within 30 cattail., of dilution.

Calculation of Results

elcuitus *1w Total BIEX coiiantrslion iisoil by mulliplyIa Iii.
liPID Attay retail byti. factors mtroducad by lbs procadwe.

I.PlOAiiayuusuft v vol. ExI,ctant lit) x dilutianfsc*or
— wt.stsidW

taPID A uyu,sida Ippun) r ID z 1D —
ul if lid If)

Total BTEX soil concentration (ppm)

' NOTE:
dilution stilt vol nIuacI li1 * vol. dlli.wn* lit)

—- When the sxusctionjdihstion proc.dure described above ii
perfonned with a ten raiii sail sasaple the RaPID Ass.)'

result is nsultiplied by 10*0 detarmins the soil Total UTEX
cauicsntrution.

—J EXAMPLE Far a sad sanipi w,iihis 10.0 prints givinp a Total
ITEX R.PID Assay pusalt if 2.5 pun:

15apis 70 — 25 ppm Total STEX soil
concentration

• Range of Detection

When lIt .stmclidutier pricidiju is ined ii coiiuncl ion with
RaPID Prap Sod Calloetmo Xii and lb. Tell BTEX RaPID Assay but.

lit. imp .1 detection it sail is 0.00 pun I. 30.0 pap T.taI ETEX.

For sanpis with expected ca.untrations pustsr tItan the hif)wst
standard. lIt. ut.d extract shudd N farther diluted with hEX
RaPID Ass.yDilsantfZ.raStuiidardbeforst.stm.
dibjipor schemes for optinsi mt.rpo,latln at sthetpa*rsioumi
kyitr.caibasi tad caricintratioso is apes lithe RiPWAs.prtf'
fnrremnsnsdUss,ddeovailabl loan the Olenuc,assTsdricii
S.rnc. Ospulmant,

355 92
irimumsassayrnsidts that us above ii New the Unit, at IN
RaPID Assay Kit standard cs,w us cunsidesad estinaled
canrinlratiors. Extrapolatedessay cancintrsllona shouldmar
N mudtlld by lii. dilution heir and riposlad ass soil Total
BTEX cammulion.

Scoesaurig result.
The TsIal STEX Ssnpl. Extracts. Kit can N utad ass

uasuabuq test tot' a sail cant au alien love) if limit.
Inuavuuoamy u,siias Uca all analytical sadie pomu an .nsimt if
r.y which m tin inpansa a cost anna lta,vI guand the
malt. WI.. the authed vurianc. I chenctensad with upprapiste
studies. asasia,cutoff concentritisi for scasitg putties and

esplin. malts can N disarn and the confidence literal arumd
that ctitolf can N d.t.rmmsd. Oat. charactanslig the method
vuhlis. canbe t,anslsutd I arms at aosmal statistical

prabalitla and the utityat a anictad caitiff concantratiois can
Ia aaliisstud. TN fodawmg tablu shows iii fr.q'ancy if positM
and riptM muds hors scsaasrng scitens ant pp at. 0.0 pun
entail is snstaa that loss than 5% (elsa .ptiws wlI N seem ala
detection lvii .11.4 pp. Istul BTEX 1s1

EslInsted Rats ef Estunatad Rats if
Psottuve R.sultsFA) N.ptrvs Rs,uhs 1%)

<0.1
7.8

Sinior a,tinaI.s can ha made lv Isdividual aronstuc hytlrocarbain
it' 1.1, altarsitu chss'scl,nzituen end detar,ninstioss if action
1*ls. The R.P/D AwyiS) Lad rwnydVar,, Gild. provides
addituoal 'ml annals. rs9erding utiEly of the method as a scruuting

• Expected Results

in a study with 3D sanapis spiked with saolies, kerosene. JatA
full and Total BTEX, iha RaPID Pap Tatal BTEX Sp1
Extracts. kit rsstdt, war, shownas ipso wall with result
oblamed by EPA M.thod 0020. dSIerThmmg the psianus and
dept. 51 Couitunmatuon.

Ilscevsry
Racoasriot of pet roust hydiocasbasts wiE vary depending an sail

type. susipu handling and collection. solvent end sit radian

appuslirs aind, arid Iwis .1 potsnlially mt,uf.nng substances m
the sod.

Tws soils it the louis and loany sand type we,, tosiifwd with
Tetal hEX to final sill canwltratlsns if 0.25. 0.50.1.25. 2.50.
5.0. 7.5. and 10 pun. AU sails wars thee isbcted to the above

axlractuoriidilutisn procadwi. Averap rucovery oh udded Total

BTIX was 113%. Results rvigad (mt104 to 120%.

Soil Contaminant.
San. conimulanti fotad 'sails that also cant sat OTEX can

mte,fem with IN analysis and can. false pettIness. (alas

anpetwas ar both when the caiapacmd is praaani at elevated

canc.uilrsliens. Int.rteisracus we. sssesasd by adding Icressing
csstc.uitnaliens ii same mivant centunmasits is blank acid Tatal
STEX ipikad soils prior tithe athachmn pace dial. TN
cancsntralusn at cunposrids skews Now prnducad so evidenc. of
lieu stance mu poslines at' rapine direction m the detect ion
rasp at the pracadsa, described above.

cd.esntralueot I sail
soil costtwllm.nt prsducl.g no isterfaiuics

If additional dilutions if tN sail extract ur made. detect aol
Tall OTEX cannantralio.s luster than 30 pp.. flute
litarfamnces us dinsuistad I deact prapartuen t. die '4lr
made.

ITEX Spacificlty
TN Total B1EX RaPID Assay ha has Nen r.tad ia mistus
at equal pats at banxsrn. lUau., athyeutnna and zyiras i.s. 1
pp. Total BTEX cnnpsiad at 1 if Nnzens. imima,
sthyibienzsrie and Mans). TN kit anilisdy buds with diftar.g

afflity sIN BTEX canupsiwiss and other ustalad hydeaca4o.s.
Peicint coast mactsoiy .1 the cuss... volatds elarlio campsiseds.
end misted cunpotmds with the sniludyl pta. It tha Total BTEX
RPID Assay packap must. Eivaimt cancantrat lens ii IN.
audaalwtc,i is tamss of 1.1.1 BTEX Cut N ablassed frant
lfasnustisn provided i IN RaPAatrEirwndUssr,

• Performance Date

Pracision
lIt. avarall cuisiticint if variation 1% CV) for tall STEX
niasswunu.nt as tern soils spiked at I and 10 pun using alt. RaPID

Pip carspoessus and Tall OTEX RaPID Assay isis. than 20%
This uaprusantl the moot at vuriubility axpsciud with dilfar,nt
sod types. asth extracted end diluted inca and essayed ii duplicate
is. single assay run.

• Availability

Fruit Olssiicsi,i

D.scnplasi
Total BTEX Sample

Extraction Kit 120 mitt)

RaPID Pup Soil Collection Kit £00127
(2oigiitxl

Poriabi Digital Balancs £0013)

Total BTEX RaPID Assay
100 lists
3D is sti

• Assistance

Far urdermg or leckucal assistance contact:
Olasucron Esilarustunil Diagnostics

Sales Dapaitment

M.wtown.P.anstlvansa 10040
1800I5448001 • FasI215)880-5213

cis,sate
chil
brake had

Ithian puss

app.
100 ppm

lOOppun

100 pun

Tm sail

Tall ITEX
vakupt)
0i
0.7
01
09 IculotO
1.0

26.8
50.0
50.2

>99.9
92.4
73.4
50.0
30.0
10.81.2 09.4

1.3 .B 8.2
1.4 (dstsction loveII 96.3 3.7
1.5 97.7 2.3
15 98.8 1.4
LB 09.4 0.8
2.0 99.7 0.3
2.2 99.0 0.1
2.4 >991 <0.1

me. of usplicetas

mean .ssay risult (pun)
%CV

vol. extract lilt
— 05.4.5 — 10

0.5

10 10
014 10.2

17.0 12.0

Pan lewbo,
£00165

£00152
£00161

rinse



General Description

Polynuclear or polycyclic aromatic
hydrocarbons (PAHs) are a group of
compounds composed of two or more
fused rings. The U.S. EPA has identifi-
ed 16 unsubstituted PAH's as priority

-.-pollutants.
Some of the four, five and six-ring

PAH's such as chrysene, benzo[a]pryene
and indeno[1 ,2,3-cd]pryene are consid-

—ereci to be probable or possible human
carcinogens. Benzofalpyrene is the most
potent carcinogen among PAH's. The two
and three-ring PAH's, such as naphtha-
lene, anthracene and phenanthrene, are
noncarcinogenic and are found as a
component of certain grades of fossil
fuels. They are referred to as the fuel
PAH's. PAH's are introduced into the
environment as a product of natural
and fossil fuel combustion.

As a source of environmental contami-
nation, PAH's are a serious problem at
manufactured gas plants (MGP), coking
operations, wood preserving sites that
use creosote and petrochemical waste
disposal sites. They are also commonly
found in fuel products such as heating
oil, diesel fuel and No. 6 fuel oil. The

Iarge number of these sites contaminated
by PAl-f's in soil and groundwater has led
federal and state agencies to mandate
their clean-up. These agencies have set

— various regulatory levels for PAl-I's in soil,
however, the usual concentrations of
nterest are 1 ppm to 10 ppm.

The current EPA-approved methods
— for the detection of PAH's are costly and

require lengthy sample preparation, and
large volume extraction. The PAH's
RaPID Assays eliminates the need for

— clean-up steps and GC/MS or HPLC
instrumentation.

The PAN's RaPID Assay applies the
principles of enzyme linked immunosor-

' bent assay (ELISA) to the determination
of PAH's. ELISAs use selective antibod-
ies attached to solid supports in combi-
nation with sensitive enzyme reactions.

— The immunochemical reaction provides
high selectivity due to the extraordinary
discriminatory capabilities of antibodies.
The powerful catalytic ability of the
enzyme provides highly sensitive detec-
tion. These features produce an analyti-
cal system capable of detecting very low
levels of chemicals.

Features

Rapid

Precise

Accurate

Efficient

Sensitive

Test Range

PAH's RaPID Assay®

50 results in 60 minutes after sample preparation.

within and between assay %CV <15% at 5.10, 20
and 40 ppb.

highly selective immunochemical method.

rapid results can cut costs by allowing better
personnel and equipment utilization.

least detectable dose in soil of 70 ppb as
Phenanthrene (90% B/Bo).

assay: 0.7 to 50.0 ppb as Phenanthrene;
soil: 70 ppb to 5.0 ppm as Phenanthrene.

.-:''.: ': •-- ,....,

'1

4

F

•1- r!r
--_ ..,•



PAH's RaPID Assay® — Assay Protocol ass
1. Add 250 jiL of prepared

zyme conjugate, and

coupled magnetic

sample, 250 jiL en-

500 iL antibody

particles. Vortex.

2. Incubate for 30 3. using the RaPID

decant, wash and

minutes. Magnetic Separator,

vortex (2x).

è

4. Add 500 ILL color
solution.

5. Incubate 20
minutes. Blue

Blue

color develops.

rHi 6. Stop the reaction and

H read color at 450 nfl,.
.

j Solution turns yellow.

4 Yeilow

Performance PAH Results
-J

Specificity
The cross reactivity of the PAH's

— RaPID Assay for vanous polynuclear
aromatic hydrocarbons and petroleum
products can be expressed as the least
detectable dose (LDD) which is esti-
mated at 90% B/Bo, or as the dose
required to displace 50% (50% B/Bo).

50% 50%
LDD LDD B/Bo B/So

Waler So4 Waler Soil

COmpOun6 (PP5 (pprrll (ppb) (ppm)

Recovery
Diluted soil extracts were spiked with

various levels of PAH's (as Phenan-
threne) and then assayed using the
PAH's RaPID Assay. The following
results were obtained:

Amount of
PAl-I's
Added (ppb)

Mean
(ppb)

Recovery
S.D.
(ppb)

5.0
7.5

20.0
40.0

Average

When using the RPA-I RaPID
Analyzer1M, results are reported in
ppb PAH's. If read in a standard
spectrophotometer, results from the
calibrators are plotted on graph paper
and used to determine final results, It
is recommended that a control be
included in each run. A positive control
(25.0 ppb) is supplied with the PAH's
RaPID Assay kit. It soil samples are

110 run, results should be multiplied by the

116 appropriate factor.
110 As with any analytical technique
105 (GC, HPLC, etc.) results requiring
110 some action should be confirmed by

an alternative technology.

5.48
8.67
21.98
42.08

0.80
1.31

3.01

4.80

Pnenantltrene 093 07 21.9 1.65

Fiuoranlflerle 0 42 .032 6.3 .47

BenzolaJpyrene 066 .050 92 .69

Pyrene 0 26 .020 10.2 .77

Cnrvsene 053 040 10 4 .78

Anlflracene 071 .054 146 1.1

naeno[1 .2.3-c.d)pyrene 1 03 .075 36.2 2.72

17 Benzantnracene 102 .077 37.8 2.84

Fluorene 219 .165 46.8 3.52

Benzo)bjtluoranlflene 121 .091 72 1 5.42

Acenaphlflylene 133 1.0 594 447
benzo)kjlluoranlnene 1 02 .077 697 524

Acenappthalene 1 71 1.29 915 68.8

1.12-Benloperylene 195 1.47 >1,333 >100

Napflthalene 864 6.50 >1,333 >100

1.2 5.6-Dthenzanthracene 341 2.57 >1,333 >100

CreosOle 146 .11 21.9 1.65

Fuel Oil #6 6.65 .50 71 4 5.37

Heating Oil 17.08 1.28 388 29.2

Diesel Fuel 26 06 1.96 661 49.7

Gasoline 13 3D 100 >13,333 >1000

Kerosene 1662.5 125 >13,333 >1000

Jel A Fuel >1000 >13.333 >1000

Ordering Information

Control

PAN's Products

results were obtained:

lo0pprn Diesel 1ppm Rapid
ISoil values are 100 times higheri

Precision RaPID Assay kit, 30 and 100 tubes
The following Sample Diluent, 100 mL

Proficiency Samples
1 2 3 Sample Extraction kit, 20 tests

PAH's Soil System, 20 tests
PAH's Soil System, 80 TestsReplicates 5

Days 5
n 25
Mean (ppb) 5.48
% CV° 9.2
%CVb 12.5

(within assay)
(between assay)

5
5
25

8.67
7.2
14.5

5

5

25
21.98

5.6
13.7

5
5

25
42.08

5.5
10.9

For ordering or technical
assistance contact:

Sales Department
Ohmicron Environmental Diagnostics. Inc.

1 -800-544-8881
(215) 860-5115

Fax (215) 860-5213

OHMICRON
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PAll's in Soil

• Intended Use

Fv it.ction af Pilyrniclar Aranatic Hydocilbocu IPAWx) m

• Materials Required but Not Provided

RaPID Prnp'' Sal CoR.ct,on Kit end PAWS Saniph Extraction

Kit.

• Procedural Notes and Precautions

Prnpva siil sunpbo for analysisscwdin to the prscathn given
m 11w PAWs Swiopi Extrict ion Kit. iheit. fellow tha itenwinuwy
peaudin as saiad ii 11w PAll, RaPID A,urm Kit packaps
mien.

Date Redioci

XfsimatUn

RsadMoè

Wavelrqtb
Ults
Slit lii

Ccalas
if C.li

S of Rspi

C.ountratmis
51:
52:
53:
54:

Ran
Conalalion

R,i%CV

0.00 PPM
0.20 PPM
100 PPM
5.00 PPM

• Expected Results

Ins study with 30 tanipUs itcli*iq both fild cuntunmoled soils
end setilytitilly spud soil owapis. Tb. PAWs RaPID Away was
shown to conilate w,l agost EPA M.thad 5310 INFIX). uemg
Icutoff .13.0 pn lii 11w hIvt01010auay. lot tItan 4% false

potitwat and no felts is gabsu war. absented when caupirod

(01.0 pmi detect ion Unit.

• Performance Data

Rasp of D.l.cti.,
The PAWs RaPID Away hue rnn at àtectin it sail of 200
p0 uS *1w. stid it conassctior who ti. PAUs Sanpi
Extrnction Kit.

Soc. viny
PAWs mcov.rUs will vasy depeosfi, en sail tyse, lelaslis
machaniwn, soivant aid .51 FactIon apparatus used. Ingth if

extraction pined and Issit .1 potentioly bea,farmg mdiii aim
in the soil.

Twaha 112) soils if various types wan forlif.d with PAWa
(Phenanthrono) I, fUel soil cencarntrslioro if 1.0 pap,. Al iou
was, than subecIad to 01w above e act.onJlulwn poc.dw,.
Averugi nicaury at add PAW, was 008%. Remit. ranged
frau 12 Is 124%.

Pitagios
The .wrall coiffiemnl of variation I%CV) for PANs mIasiolmant

in soil at 1 ppei sting the RaPID Prop CaTIPOmFItI and

PAN, RuPID Axsiy it In then 20%. This ropiumi 11$ the

ane(mI of vaiiabaty expeclad wIt. a hutogirwoux toil swrpl
undergoet ton liphcat. colictions. extractions arid olutions
gsiterititg ten inmunoasnay rsstdts fran a singu not

As with ii bovrnmouzays. a consistent t. dutiqu. is the hay to
optusal pirfonmarius. To ohio. thu greatest piecosisni. be ow. to

treat loch tube ii an intieaI mormir

Add magim, tctly ii 11w bottuu .111w the .me
cestEl bet wane the raagints and 11w pipeS t. This will help
auto. cenautant quantum .1 bogaRt it the test mixtist.

Avoid w.a,c.niuitmaflonis atid conyover of magenta by unlig
clan p(els (at eadi sespu addition and by Ivoidistg contact
hetwaeri longest deapUts an SM tutu and pipet tugs.

• Quality Control
A control solution at approuttately 25 ppb of PAN tot
p1wanIhmne) it provided with the PAW, RaPID Aisay bit, It it
rscsnm.nded that it be rnckjdad it evury run wid rutted ru the
sans maser as henown swaptex. Onica the control niults an
con,ctsd 1*11w utIn factors (sea Results sectioni an
acreplabb iwull shoidd be 100 limos 11w vahi stiteut on the
viol, La. 2.5 0.5 ppm.

• Results

Multiply the sunpu arid control rasuts by the appipflat. dilution
factor riraducad by the collaclioni. extraction and extract dilulirin

slept Wits., the csllection).xtnactiordduhston procedwa described

it IMPAIIo Swapi Extraction Kit is pert ormed with ate. gran
uisenpi. 11w PePtO Assay mit izmsdtb.d by 10Db
uUtanuew the soil PAWs conc$nl,iIis. Altarnalively. roo.tl
the RPA•1 Analyzer is listed below to suiaustic.lly conict (or
Otis dilution factor.

Uwig II. NFA.I RaPID Analyzer calMtion cirves can ha
ausluneticeily cal.d end slant Rater to the RPA•l operating
u,oaual far bet ailad iist,vctuons. Ti abs.. audIt Iran the
PAils liPID Assay on *1. RPA•I 01w following parasn.tsr

.11*45 en. rucaum.itèt

Milked
I of roplicitsa
mean multi Ippm)
% CV

• Assistance

SaupI CoI'ictuouu

bywa*t byvabjue
10 10

143 1.25

14.3 14.4

For ordering on lachnical auislarica contl.ct:
Ofrirron Envlowuarmiul Diaquenticu

Solo Degsnm.uit
Newlewn. Pennsylvania 184O

(5001544-1881 • F.oa1518805213

• Availability

Of,i*ron
PAWs RaPID Aaiay

30 Test Kit
100 Test Kit

PAN's SunpU DilIatM

PAils Prslicuscy S.npls
RaPID Prop Sal Cellctucru Kit

RaPID Pup PANs Sanspl Esl,actuen kit

Litl.pusuoo
LNkaB

450 in
PPM

0

4
2

0.07• 5.00
0.910

10%

Pflu



PAH's
Sample Extraction Kit

• Intended Use

ma cumcti. with R&'IO Pmp' Sd Coractrnn kit urid Ii.
PAW, I1iPIC Amy® Kit fwd.ismimiti.af PAW. P sad.

• Principle

Pil1. — ,.Mv,L .wiuStlC by*iciib.ns PAW.) ma.pa
.fiet,.uMsr—--dif twswmwifmadvui.stuciuiqs. TI.
U.S. EPA his distil Pd ii m.ubsiitut.d PAW,.. priority

p.ima. S... it Ii. iii,, fit, vi .is•rng PAW, such so

.. bsws(s,ma .,d PAi.l12.3•cdlpy.ma usc,ssêmd
ii I. —wpush Miii., carcsimgmis. TI. tw. sod thiu
i. PAWs such as siplithuUri. .sllwus... phunsotioir..wit
py,,. us .wi.catrn.giuiic wid 1usd so u c.npwiumt at ciii..
sdisst lisad tt,k PAW. us itriducidmliii. •avTwii.M
is. puihics ii ustori vi load (iii csoibustiso. As a ima it
.mi sontusussiusu.. PAW. us a fldus prehite it
miclusdpp. plaN. .IGP), viii spirit uiiis. out pm.ivrnq
iii.. thiS DISNIS ii 5 PINIVSIu.S sod piirad.mflal waits
— it... Ti. Urpi .uchui ifU itsi wih us
cistuitiustid by PAWi I sod iii rumdwstur bus Pd fidiui sod
slit.epics. is m..At. ii., clui.pp. Ti... s.swiua hats sit
ion..mpjlstuy U..U for PAW. lvi. b.wassr ii.usual

c.umatmusu.s .1mw.., us 1 ppu mod 10 put. Arms.
diusieuitix if If. PAIl csnh.nt at coatuniustad sods i
usciuwy I. muka .ppropn.t. darius.. m5oriti aiti ciwiup md
'UN'.,.'.

TI. .sguot. cuthuul. RaPID Pep PAW. Saunpi Extr.ctuui.
hi.. I... pptnPsd (or lust. stfiatmmmvi ifPAW. Ire

adud coriwrust pripuitis ml lb. .unpi for urimwisssuy it
ltsio at mt.rnl 1,11. iwitlgaiw. TI. .y.trii ill...for
mEd. caat.idml md cast uffict.. diuumlmalmrs mist. tilt
5u11 or mm.distpwi alt..

• Description of Contents

1. PA14.E,tr.ctinSsha.'
100% mtku.ul with ..iI punt.

per kit: 20 baths C*iIVihi 20 ml. eadi
2. PAWsExlracuOd.ast

Bullied iãi uluitn cwiusirui p,u.rvsurw.. sod stabiimn
eMit soy diu.ct.hU PAW..

psrkit: 20 vials raNd,.. 12.25mL.acli
3. Chshsf custody c.ntsàw, Phil..

kIt 30 libel. (or dihet vials

• Reagent Storage and Stability

Spusussmd ita..hyw.ivestdiusduues
230C. Reeg..t, mayI. used .iti Ii. ispflsiwidii. itui .i
'hum.

C..idtPci.stat, wit f.diod .sMti.s for pups, diapsail mid
mu's..

•Materials Not Provided

Pudditiwi tilt.m.tsltispuvt ii. Ioiowu flaws w I.
•ciuay (priM purl mom.. it II.prusise:

• WPpSdCtusuikit
• .hspuitchvthck with .c.idMiid
• pimaust miami
• puitoatbi ,Isvu.
• _i biduici upII* .vdth. fret. oiiiavi
• Fui.... Nit wit tips cupibi if iivsrhig 250 pL

• Sample Information

Twuv.dfsrvawflh.sRusupii. 0iI.rtyp.ssf
sunpis maurice, sod ..id wustu may sip.. diffuunt prushn.
I. sated PAW..

•Procedural Notes and Precautions

0.mit mis uly ussgsm* bsyand its iliad shill u.

SPly uucsods if cmliv... .itiiuu if the ad ipi U Ii.
iis if lb. ixtrictisn NhiIN I inpUtUlt tar — sslmctu
sffickicy. U.. it mu. mint, lair or atupesldi I. .mu
sdapui. iliadie tills IS niceriluadat

Avid canter, if estnactlon .akitmii (100% methullO with iv
mucus mmmbraus. If itt. reaps s m cloud with ski
wad will, waist.

Diet. II. b.p dilutMi fuctur mat it. it II. flU
rusidt ad tepsiid ii port us the cus hits. I pip.utm 11w vi
uterI iii it. diet.

• Umitations

TI.PAW, Suiipi Estractin Kit. ole mad I cpumcui. with
RaPID Pep Sad Cohc*v. Kit viii. PAWs RaPID Au.y. ad
push .csuiitq mit.. Posit... .asitts may mad lii.
rustiest by • soninunwwl*i m.hhot

• Extraction/Filtration Procedure

Raid ii. Procudwif Nil,, siid Pieciut... viii. RaPiD Pep Sad
C.hctwoi kit p.ckig. kiwi Mt ma pemadiu. Venus aid
......, OptIons us priotid phi. S.d cued,.. kit pack.,
men.

1. Writ. ,.npt rfunnahmu.uothulbePprivshdlwsaI
tibctrnn thin.sutnact codact.' vial, .u.t PAW, Extri Die
vii.. Apply Mi.l, is .puspflst. ..mals.

2. 5lUp!iij' R.mov. ii. sw rip ft.. It. vi cabcl., iN
cact sod by yoU.. or by w.ipht a. l.kw

2.1 ly ,.Ie..: With It. pitiipr Idy daprimad Wwi.d lilt.
spit II. hidiL peck soil ml, it. spin sod it it. cahcte lvi
U.sa,w the pbaipr red fr.i, it. pump, by twun ii.
cuutwdcckwiis Lit.! ii. sad fhuiti with U. tsp slit. cukclu
tite my hi'. plur.pr rot Use, It. ha.. pert.. .5 the hsi&
pin. ii. iiiwiipb arid II'. pumpr loll. bolt ma.

2.2 Ip war,ht gui,
Opitsoi I. Rem.., sasw cup. Tm it. vi c.kct.r with it.

—r ist Cd II'. sail 1y vskus• PcI I ill oral pull.
sod wit pke,er ii the b.ttmi if hi. liii.. Rimihadi pUp, id
wit wsili ii. lit. cuitmy ti. iii Sittuict.flphi u.iM
(mmliiiw.iqht is diu.n.x. sod osipiuL Ricard ii. 05*1.1
hi. Ni

OpUs. 2. Rim... liii wu0 rip uid pbeupr rid he uiu,ipty
cyrus. tin.. Positmo ii. pivpr at the bitt.. at II. cuu.ct.s
liii. AfliaIt. vi bus pici prividud mod plcs ii. lvii.

dpuitiv.oti.bulsoce.idtuuusupid. W.i t0*Oi
pun it s.dPt. lb. tin.. Racy ii. sail w.iibt.

3. Eflrscti..

3.1 Put,.. it. sad c*d*Isn lvi cunlvi.g sad uiip• ups
p thu Slyisi a.. tuck.
3.2 Pu, It. enlists if ma vii it PAW. Launch. Soil.. II.
lbs cvictor. Scmw It. rip MMIII fisol is lightly vi mat.
undies It. barc.piusait



3.3 8UAXE VIGOROUSLY AlSO COUT88UUUOLY FOR AT

LUSTSI SECOROS. AdãIi.U ibaki,may N .u,d Ii
Np dey iii sruplis.- 4PáiuItPtNricàmdid,wIN

S. salt. .1 last fii. maiL

èáutipts21sid,maph,withMded
itrscrna asM.. en N hsded he. the rica liii IN RcA

—..skcthe Ka NuN.; the Mx Idi U plsas s.d tim bee is
thibsi ...Jitirst last60

.1 ensvs lbs ,ama s.d anitA It. fits, c. Hs.d tiplhts,,
uuWumuiahu.caiftA.
.2 AfiitA the pSir idle IN pt.pr at IN seA c.decler.
.3 Rims. IN her c s.d iwsit the iii cakctsr is the IN

I peel head s.r a cec*Usvii. ka.p Uant.d firs
5,. maid. te wet IN flit end is air the filiil. tsfl

IN fltsr ihts the her Cs..
4 Apply ,iplw pusuu laths pU,qst Nub. TI. lirst. w

—— Is ii.. mesa thlyas pall mien is cs.tisaseely
—u
4.5 FtNviiwuiast.de,psf1mLsfjufitmteJ.
;apthevisl.
bs miens if SAtiate sufficieat is psrfs,ni mitCh ,,Mcsts

—esialym with RsPID Assay bitt. The ,isl w hid ii 5al. if
flints it .dtimiset,ucl veNue là ut The Iltrsts
ts.mq PAW, U mM mba, stun the attract Ude ci iii vii
it ii. risk at rim,, t.npsrutivs 5151.30 C).

• Dilution Procedure

het it. pmt myided. tmsf.r 250 pd. if tim extract
.Me stik if PAWt Extract Diesel (12.25 mU. Mix by iwilrng

awn tass.

II,mlxi mi en sew N msaiwsd Si sup1 scw&q till.
vsóeg, mad .5 the PAWs RPID Assay MI's RiPID Assay kit

step 93.1

Calculation of Resutti

'.kidat, the PAW, csennlrstuom is sad bymitiplyi, lbs RPID
Assay nutby It. fact.n ittrdiicid by It. prenisa.

liPiti Amy saudi x vat E,lrictscit SnU x htise lecIst
wI if sod (if

RsP1DAzuym,udlb) 20
WI if sal If

• Ring. of Detection

WheaSM, .xtmcti-4ãalu ..b..., ii seed lctU with
R Prip sea Cictle Kit aid lbs PAN's RIPS) Assay kit. II.
mpdhIatt... I iiiI200 ppbt. 5

Fin simple wOsxpsclad PAW, concuelr.ti.os uattz thai 5
pm. Mid cause. the htsd .sIn.ct dd N Seethe, Aad
with PAW, RiPS) Assay DiaatIZ.ts S*sedstd NI ma t.st1 A

L_._.it.sadensf.r.ptunUNs,puutsIl.sfaINr
PANs .id css,csena*ism is 51s. is lbs bi,irdlJ's

auid ten the Ohio..Tschecsl Srii Depintasat.

'— ..uuesde,th.tmatAeessrNhwIN5mitssfIN
RiPS) Assay Kit sls.d.d mw iii eiuuid.,,destiuI.d
cssm,uitrahIm,. Eztrspelat.d assay censtraliess ilsedd ..wr
be it' ied by the mi fitter .,d eepen.d us ,.iPAW,
cenatralien.

TN PANs Smapl Extract..,, kit csa N utitud us sauetAi5 list
tin. seA cast ..msthm, 1.1.1 itteruit. buummeseny audIt e
el asslythel sails poenca mi .1111511.5 vuuabày that ten ha
sipua.d ass cisfijuca miami macmd It. mmdi. Oat.
aclsen II. mathed trails caiN ihewa a, umail
statistlil peshahiti, mid II'. ulity at a islaud cutsff
cas.u,tmtsom en Namulet TI. felhwmp taM sbews IN

"e. acy at pssiuuvu s.d aspiM stilts fits wu.Tg scheme
with iOlO ppv astsff that sueelI In that 5% false aegalrsu

eaIvsl.I1pmPAHsitsai

vU. ) Punt. Reiult,f%) IN jutiva fisiult, l%l

0.50 1.0 00.0
0.55 5.6 04.6
0.00 104 83.6
005 32.8 07.4
0.70 (cal sf1) 50.0 50.0
0.75 05.2 34.8
010 757 23.3
005 84.0 15.1
090 60.3 07
0.55 83.0 0.2
1.00 (dsl,ctioiv 1.0 96.0 4.0
1.25 00.5 0.5
1.50 >90.9 <0.1
2.00 >96.0 <0.1

Slum sit juts, Ca. N made tsr stfr.r PAW, detectios Itub of
mS•mt. TI. &hwviwntWLIu,, 9th ptsviis, odIAINuI
itfenutitien nganthng utity of IN method ax a tausseip toot

Expected Results

cu.csMnstIss it mhvut .,iOmIus Ia IN kInetic
SeN.. teleired by Us. IN Extract Oiss.t. TN
cenultnutssn of , ..± hew. NMx pilsafi as appiust
PAH yaMs muter tNu the 1.0 pm delicti.hit.

alrstim,iNl
seA cintriuuuul •.de.,Os mtsrf men

If Nattiosti iitias if tim seA extract iii mude I. itsd sal
PAWs caenatr.lisns m.i.t than 5pm. these lts,feruuia, ma

it hutprppsdln sIN alituut made.

PAN Spsclf icily
TI. PAR, RaPID Asssy kit he bee. eat.d with Pbsiiaminu..
TN kit snlihsdy binds with Atfarm affluly lilt.. stir PAW,.
Clwy,.r.. fkjorsnhhar., pyuu. end Nsis(eCyssr. rauct mast
itratufy ii II.. system .Me antlnca.u mid phenuuttvui. oua
tail., rips., it lbs smy system. OtNr PAW. is tied mitt is
altar attain. Parent ass, sactivity attN cmimuo.i PAN, with
the satiNy is pee. is It. PAll, RaPID Assay pschsga mairt.
Edvsluit ssocsntr.litm at the .INn PAWs it aims if
Pheesm hr. car N sbt.usd ten itS iruatsoc prsudsd ii the
fr,iwsrunra'Uus 6iaM.

Performance Data

P,.cisisn
TI. .vsraII costlucissi of y.nstiem I%CbI tsr PAW, meuwvuul

tad spiked sIt pm vui tim RaPID Pup cenpoiwnts mid PAW,
RaPID Asiiynhss than 20%, Ibis ripiants St. muimso if
vuflabikty expected mmii a bmuiopuwatss sod trip. .*raI a.
mpbcsls csIactioi,s. extractIons sod dilutions pesmrstep tee

siutistoijisy stilt, fruit a angl iii.

PAW. soil concentration (ppbl

...... NOTE:
aitla titer - vet extract situ * vet usIt hnLJ

vii. esiract SitU

-025.12.25 -50
0.3

When the extrsciion.ldilution prendur. ds.orib.d alive us
will. tie pm. nil sample the SeP10 Ay

ustill I enulalpiled by 9995. d.enuulns She sail PAW.
I caiucsntiitlsit

EXALE Firstad tunpi riiplhig 10.0 puns piwu a PAWs

JRIPID
Asisytsiult sf10 ppb

lOpØx ICC - 1.000ppbsr

l.a study with 30 iunpls itchudin beth (lid catutriin.isd isis
mid mialyticsly spied soil smiph,. TN PAW, RaPID Assay was
tAewt ti canulats wel sqsmsl EPA Method 9310 OIPIC). Usmg

• uiprapflate cutoff let the iuvuiim.ueay. In than 4% hue
pealives stud as Sal. r.stivs, mar. .hwsd ml..., cesuipasad to
11.0 pm delsctuuiuit ten IN .t enaca method.

a——-—.7
PAW, mca.rls wit emy dspending in sad type, salaMi.

,eAaM mud sinrictusm apmalu, tat Iu,th if
extraction peflod. uueimt .1 agitstusm and Ivels at polestisly

mI•lfsruu .ikslmucaa it IN ..i.

Twih. flZ stAt h vwuuix type. weta feilifid with PAWs
N.muIfriueI I. thaI sad couicantruiiivs .51.0 put. Al seA,
mesa tim. .ubpicted toll. she.extraclion(dikitiesu prenitis.
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Section 1

General

Introduction

The MAC-51B Magnetic and Cable Locator is a light-weight, dual-
mode instfument designed for detecting buried iron arid steel objects
and tracing underground cables and pipes. The system consists of two
major units: a transmitter and a dual-function receiver. Both units use
alkaline C-cell batteries that provide up to 100 hours of operation.

..z-..——

__ __ *- __ ___ ____
Figure 1-1. MAC-51B Magnetic and Cable Locator

—

Cable Locator Mode

When used in the cable locator mode, the transmitter generates a
distinctive ac signal which is applied to the cable or pipe. The receiver
is used to detect and trace the signal as it travels along the cable/pipe.
A siren-like tone from the receiver is easily identified as the tracing
signal. The approximate depth of an underground cable can be
determined using the 450 null-point triangulation method. Operation
of the MAC-51B in the cable locator mode is explained in Sections IV
and V.

Magnetic Locator Mode

The receiver is the only unit required for operation in the magnetic
mode. Set the receiver MIC function switch to "M", adjust the sensi-
tivity control, and you have the best magnetic locator available.

—
Operation of the magnetic locator mode is explained in Sections II
and III.

Switching from cable locator mode to magnetic locator mode while
tracing a cable is a unique method for unscrambling ground clutter.
Gas and water pipes in the immediate vicinity of a cable can emit
parasitic signals that distort the identification null. In the magnetic
mode cast-iron water pipes and gas lines can be identified quickly and
even classified as to type by the conventional spacing of joints, which
provide the strongest signals.

1-1
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Standard Accessories

Basic accessories supplied with the MAC-51B include a headphone
jack, a spare batteries holder and a conductive cable assembly with
ground stake. An inductive signal clamp, mini transmitter and head-
phones are available as options.

Optional Inductive Signal Clamp
This option increases the versatility of the MAC-51B by providing a

convenient method of selectively applying the trace signal to cables or
conductors covered with nonmetallic insulation.

It applies a strong trace signal to only the conductor that it is
clamped around. This positive identification allows a specific cable to
be traced even when located in congested areas containing cables,
water and gas lines or other conductors that may emit lower level para-
sitic trace signals.

Operation is simple and easy: Plug the clamp lead into the trans-
mitter accessory jack and close the clamp around the cable. No ground
connection is required. Hook-up can be made to all standard metallic
cable types up to three inches in diameter.

Optional Mini Transmitter
The Model MT-I is a miniature solid-state transmitter (3 in. x 1

in.) used in combination with a MAC-51B receiver to trace nonmetallic
pipes, pinpoint obstructions, and locate concrete septic tanks.

As the MT-i (Mole) is pushed through a buried nonmetallic pipe, it
emits a signal that can be detected at depths up to 18 feet by using the
MAC-51B receiver.

The Mole has a concave surface so it can be taped to a plumber's
snake, and a '/4jnch tapped hole for end mounting.

One AAA penlight alkaline battery provides up to 30 hours of
operation. The battery cap also serves as the On/Off switch. Power is
turned off by rotating the battery cap counterclockwise until the
battery moves when the MT-i is shaken.

1-2



MAC-51B SPECIFICATIONS
"

TRANSMITTER

Operating Voltage 12 Volts (eight alkaline C-Cell batteries)

Battery Life 75 hours intermittent operation at 70°F

Output Frequency 82.5 kHz modulated at 382 Hz, pulsed at
4.8 Hz (inductive or conductive)

Audio Indicator 2.58 kHz pulsed at 4.8 Hz

Weight Approximately 5.5 lb. (2.5 kg.)
Operating Temperature — 13°F to 140°F (— 25°C to 60°C)
Overall Size 43.5 in. x7 in. x5 in. (110.5 cm. x

17.8 cm. x 12.7 cm.)

— RECEIVER

Operating Voltage 6 Volts (4 alkaline C-Cell batteries)
Battery Life 100 hours intermittent operation at 70°F

Output Frequency Approximately 40 Hz idling tone from
speaker. Frequency of pulsing tone
increases (or decreases) with signal
intensity.

Weight Approximately 3 lb. (1.36 kg.)
Operating Temperature — 13°F to 140° F (— 25°C to 60°C)
Overall Length 42.3 in. (107.4 cm.)
Waterproof Length 34.5 in. (87.6 cm.)
Nominal Sensor Spacing 20 in. (50.8 cm.)

(Specifications subject to change without notice)

1-3



Section II
Magnetic Locator Operation

Theory of Operation

iJ

In the magnetic locator mode, the MAC-51B receiver responds
when the magnetic field strength at the two sensors, which are 20
inches apart, is different. This response consists of a change in the
idling frequency of the signal emitted from the speaker.

Figure 2.1 illustrates an application of the locator in which it is
used to detect an iron marker of the type used for property line
identification. The magnetic field of the marker is stronger at sensor
A than it is at sensor B. As a result, the frequency of the signal on the
speaker is higher than the 40 Hz idling frequency which exists when
the field strength is the same at both sensors.

2-1

Figure 2-1. Detecting Magnetic Field of an Iron Marker
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Function Selection, Turn-On and Initial Sensitivity Setting

Set the M/C Function switch to M and adjust the ON/OFF-
Sensitivity control for mid-position as shown in Figure 2-2. With the
knob in this position, the sensitivity is set for what is referred to as the
Normal Range.

In most areas the locator can be oriented in any direction without
producing a significant change u-i the frequency of the tone from its
idling rate. However, in some areas where magnetic disturbances are
encountered from nearby structures, rocks, sand or trash, the control
should be adjusted for.lower sensitivity as illustrated in Figure 2-3.

MIC FUNCTION
SWITC H

ON (OFF
SENSITIVITY

EARPHONES .JACK

Figure 2-2. Sensitivity Set for Normal Range

Low Sensitivity Operation

Unwanted background signals due to nearby magnetic objects may
require that the effective range of the locator be reduced. This is
accomplished by turning the sensitivity knob in a counter-clockwise
direction. Reduced range is useful for pinpointing the location of a
strongly magnetized marker.

2-2

Figure 2-3. Sensitivity Set for Low Range



High Sensitivity Operation
The sensitivity of the locator is increased by turning the sensitivity

knob in a clockwise direction. A high sensitivity setting imposes some
constraints on operating methods. The locator tone will vary in
frequency depending on the instrument's orientation relative to the
Earth's magnetic field.

Search Procedure

Set the sensitivity control for normal operation and hold the locator
just below the large end as illustrated in Figure 2-5. Because the
upper sensor is located near the area where the locator is usually held,
wrist watches may produce unwanted changes in the signal
frequency. Therefore, a watch worn on the the wrist of the hand
holding the locator should be removed. Avoid bringing the locator
close to your shoes, since they might contain magnetic material.

To obtain maximum area coverage, the locator should be swept
from side-to-side with the small end of the instrument kept close to
the ground. A higher frequency tone from the speaker will be heard
when the locator is within range of an iron or steel object.

When using a high sensitivity
setting, avoid turning the locator
about its long axis. This may
produce tonal variations in the
output signal because of sensor
misalignment.

The presence of a ferromag-
netic object will be indicated by
a change in the tone of the Out-
put frequency.

Figure 2-5. Searching with the Locator

2-3

Figure 2-4. Sensitivity Set for High Range



Section III
Magnetic Locator Application Notes

Basic Signal Patterns

Figure 3-1. Signals from Vertical and Horizontal Targets

After you have detected the presence of a target, hold the locator
vertically and move it back and forth in an "X" pattern. The peak
signal occurs directly over a vertical target, arid over the ends of a
horizontal target.

The X" pattern is ideal for pinpointing small objects. A 1-1/4-inch
PK nail buried up to 8 inches can be located so precisely with this
technique that it can be uncovered using a 1/2-inch star drill.

Figure 3-2. "X" Pattern Provides PrecLion Locating

If you find more then one signal in the vicinity of a target, just raise
the locator several inches higher. Any signal that disappears when the
locator is raised is probably not coming from the actual target. The
signal from a rusty bolt or other small item will decrease much faster
with distance than the signal from a larger target such as a corner
marker. An 18.-inch length of 3/4-inch pipe can be located at depths up
to 7 feet.

3-1
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Figure 3-3. Raising the Locator Eliminates Unwanted Signals

Strongly Magnetized Markers
A strongly magnetized marker at or near the surface may provide

location information that is misleading.

The heavy line in Figure 3-4 represents the variation in tone•
frequency when the locator is moved over the marker. When moving
the instrument from A to B, the frequency of the tone increases and
then suddenly decreases at B. From just beyond B the frequency of the
tone increases sharply, becomes very high directly over the marker
and decreases just before reaching C. From C to D the pattern is the
reverse of that from A to B. It is obvious that the locator must enter
the B-C region. Otherwise the marker might be assumed to be
between A and B or C and D.

Figure 3-4. Signal Pattern From a Strongly Magnetized Marker
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This phenomenon is explained by the fact that the locator is

sensitive to the magnetic field components parallel to its long axis. At
points B and C the field is perpendicular to the locator so no high
frequency is produced at these points.

Locating Manholes, Septic Tanks and Water Wells

The magnetic field is strongest at the edge of a shallow manhole
cover. Turn the sensitivity down all the way and you can easily trace
the edge of covers near the surface. Locating depth ranges up to 8 feet.

The great length of a well casing provides a strong field at the
surface that makes it easy to locate casings buried up to 15 feet deep.

'vIanhole Covers
Figure 3-6. Locating Water

Well Casings

The MAC-51B receiver can be used to precisely locate the metal
handles or reinforcing bars on septic tank covers at depths up to 4 feet.

Figure 3-7. Signal Pattern Provided by Septic Tank Handles
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First, examine trees for bench marks and bits of embedded barbed
wire. Then hold the locator parallel with the direction of the wire.

Tracing Barbed Wire from Old Fence Lines

3-4
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Locating Objects under Snow or Water and Tracing Barbed Wire

The locator can be used in flooded areas—just keep the electronic
unit out of the water.

Snow poses no problem. Thrust the locator into the snow as deep as
necessary to locate the target.

SNOWBANK

cj:: :-— 11.— ad'
Figure 3-8. Locating Objects under Snow or Water

You can often trace barbed wire (from old fence lines) buried just
beneath the surface. Even if the wire is only a trail of rust, it can still
be detected near the surface. Tip the locator a little lower than
usual—but not parallel with the ground.

— .
o c cj

R c7o
Figure 3-9.
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Searching Areas Along a Chain Link Fence

:u. ii.

Searching in the vicinity of a chain link fence requires a reduced
sensitivity setting and also some control over the orientation of the
locator. As illustrated in Figure 3-10, position the locator horizontally
with its long axis perpendicular to the fence. This ensures that the
upper sensor is kept away from the fence.

—I_._\ -."— -

Figure 3-10. Searching in the Vicinity of a Chain Link Fence

Perform the search by moving along the fence, keeping the end a
constant distance from the fence. When a point 1-5/8 inches from the
end of the locator is directly over the stake, the signal will drop
abruptly as shown in Figure 3-11. Any variation in the position of the
locator will produce an abrupt rise in the frequency of the tone.

Figure 3.11. Placement of Locator While Searching Along a
Chain Link Fence
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Locating Valve Boxes

Both the valve and its casIng,
when iron, provide strong mag-
netic fields which make them easy
to locate. Plastic enclosures con-
taining magnets are esily located
at depths of 6 feet or more.

Figure 3-12. Locating Valve
Boxes and Casings

Locating Cast-Iron Pipes
As illustrated in Figure 3-13, cast-iron pipes produce the strongest

magnetic signals at their joints.

___ I - - •. — -
__ i C
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Figure 3-13: Signal Pattern Provided by Cast-Iron Pipes

The initial search should be performed as follows:
1. Adjust the sensitivity level for maximum.
2. Hold the locator vertically approximately 1 to 1-112 feet above

the surface.
3. Walk along without turning or tilting the locator.
4. Mark the locations where the maximum signal levels occur.
5. Return to an area of maximum signal strength and hold the

locator several inches above the surface. The sensitivity will
probably have to be reduced during this second pass. Four-inch
pipes can be located at depths up to 8 feet.

3-6
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Locating Steel Drums

.t J. ::

As shown in Figure 3-14, the MAC-51B's signal pattern will vary
depending on the vertical or horizontal orientation of the drum and also
how deep it is buried. A fifty-five gallon drum can be located at depths
up to 8 feet.

Figure 3-14. Signal Pattern Provided by Steel Drums

Additional Applications

1 The military and many local and state police departments use the
MAC-51B to detect buried ordnance and discarded weapons.

2. People drilling in an area where hazardous materials might be
encountered use the MAC-51B to search the area prior to drilling.
Other Schoristedt gradiometers are available that can be lowered
down the hole for periodic checks as drilling progresses.

Other Notes

1. A burbling sound indicates the presence of an energized power
line.

2. The instrument will not detect nonmagnetic materials such as gold,
silver, copper, brass and aluminum.

3-7
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Section IV
Cable Locator Operation

Theory of Operation

In the cable locator mode, the receiver must be used in
combination with the transmitter which is housed in the carrying case.

As illustratedin Figure 4-1, the transmitter is placed over and in
line with the target cable/pipe. An alternating current induced into
the cable/pipe produces a signal that is detected with the receiver.
The transmitter emits a steady beeping sound to indicate that it is
operating, and the receiver emits a siren-like sound that is easily
identified as the induced tracing signal.

The tracing current generates an alternating circumferential field
around the cable. This alternating field induces a signal into the
receiver's sensor. As the receiver is moved back and forth across the
cable in a search pattern, the pitch of the audio output from the
receiver increases and decreases.

The heavy line in Figure 4-2 represents the increase and decrease in
pitch of the audio signal as the receiver is moved back and forth over
an energized cable. Moving from A to D causes the pitch to increase to
a maximum at B and decrease to a minimum directly over the target.
At C the pitch again increases and then decreases at D.

The MAC-51B can be used to trace any long conductive element
such as an anode string or metalized warning tape as well as cable and
pipe.

4-1

Figure 4-1. Transmitter and Receiver Placement



Figure 4-2. Signal Pattern from a Tracing Signal

NOTE
For convenience, all targets will
be referred to as lines throughout
Sections IV and V

Transmitter, Turn-On and Battery Check

Set the ON/OFF switch to ON and listen for a steady beeping
sound. If a beeping is not heard, the batteries must be replaced as
described on page 6-3.

CARRYING CASE

ANTENNA

ONIOFF SWITCH
ACCESSORY
.JACK

TRANSMITTER
ELECTRONICS

Figure 4-3. Transmitter Controls
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Transmitter, inductive Mode

The most common line excitation mode is inductive. With the cover
open and the arrow pointing up, place the transmitter over the line as
illustrated in Figure 4-4. The cover must be pointing up. Turn the
transmitter ON/OFF switch to ON and you will hear a steady beeping
sound. If not, replace the batteries.

Figure 4-4. Transmitter Operating Positions

Transmitter, Conductive Mode

If an exposed section of a target gas or water pipe is accessible, the
tracing signal can be appLied directly to the target line.

Plug the conductive cable assembly into the transmitter accessory
jack and turn the power switch to ON. (Inserting the plug
automatically disables the inductive transmitter and applies exciting
current to the cable clips.) Connect one cable clip to a conductive
portion of the line. Drive the ground stake into the soil off to the side
of the line and attach the other clip to the stake. A good electrical
contact between the clips, the line, and the ground stake is very
important.

NG
Clipping to power lines is dangerous and should not
be done. Insulation on the clip is not designed to pro-
tect against power line voltages.

S.

I//

S

S.

CLIP CONDUCTION JACK

'I
CABLE

Figure 4-5. Transmitter Hookup for Conductive Operation
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Transmitter, Inductive Signal Clamp Mode

The inductive signal clamp (optional) provides a convenient
method of applying the tracing signal to electrical cables covered with
nonmetalic insulation. Plug the clamp lead into the transmitter
accessory jack, turn on the transmitter and close the clamp around
the cable: No ground connection is required. It can be applied to
cables up to three inches in diameter.

NG
Clamping around any power line involves hazard.
Exercise caution. Under no circumstances clamp
around high tension lines (lines carrying greater than
220 V). High tension voltage can jump to the oper-
ator through the insulation and down the wire.

Receiver, Function Selection and Turn-On

Set the M/C switch to C and adjust the ON/OFF-Sensitivity control
for mid-position as shown in Figure 4-7. The volume level is preset. If
the receiver is turned on when located within 15 feet of the
transmitter, the receiver's speaker will emit a siren-like sound
indicating that the receiver is picking up the tracing signal directly
from the transmitter through the air.

The sensitivity will have to be increased as the distance between the
receiver and transmitter increases.

DECREASE

M!CFUNCTION
SENSITIVITY

EARPHONES JACK

Figure 4-7, Sensitivity Set for Normal Range

4-4



Receiver, Sensitivity Settings
The right sensitivity level must be used to obtain a proper null. A

null is the audio signature that lets the operator know when he is
positioned directly over the target line. If the sensitivity level is set too
low, the null between the two signal peaks (highest audio pitch) will
cover too large ah area, making it difficult to trace the line. If the
sensitivity is set too high, the null will be too short and not heard.
Setting the sensitivih' to get the null width as illustrated by the
medium sensitivity curve in Figure 4-8 is the secret to successful
tracing.

Figure 4-8. Null Shape Versts Sensitivity Setting

Tracing, Inductive Mode

Position the -transmitter over the target line and turn the power
switch to ON. A steady beeping will be heard that indicates the
transmitter is operational, Move approximately 30 feet away from the
transmitter along the suspected target line before turning on the
receiver. This will ensure that the receiver is not receiving the signal
through the air directly from the transmitter. Set the receiver
function switch to C and adjust the sensitivity control to obtain a
medium pitch signal. Hold the receiver just below the large end as
illustrated in Figure 4-9.

NOTE
Do not swing the receiver. The
null appears over the target only
when the receiver is held in a
vertical position. If it is held at
an angle, the null will not indi-
cate the true location of the
target line.
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Holding it in a vertical position with the sensor end close to the

ground, move it back and forth across the line. Readjust the
sensitivity until a sharp null (minimum pitch) is obtained. The null
occurs directly over the line. As you move away from the transmitter
the sensitivity level will have to be increased.

Figure 4-9. Inductive Mode Tracing

Tracing, Conductive Mode

In this mode the transmitter is physically connected to an exposed
conductive section of the target line using the conductive cable
assembly and the ground stake. After the two clips are connected to
the line and to the ground stake (good electrical contacts are
essential), the procedure for using the transmitter and the receiver is
the same as for the inductive mode except that tracing can be started
right next to the transmitter.

NG
Clipping to power lines is dangerous and should not
be done. Insulation on the clip is not designed to pro-
tect against power line voltages.

STAKE

Figure 4-10. Conductive Mode Tracing
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Section V
Cable Locator Application Notes

Inductive Coupling

Induction is the easiest and quickest way of applying the tracing
signal to a conductor and provides a signal strong enough to trace
most lines. Induction does not require access to an exposed section of
the line which very often is not available. However, an induced signal
is not as strong as a conductively applied signal and will fade quickly
as distance from the transmitter increases when electrically poor or
leaky conductors such as gas and water pipes are being traced. Any
time a tracing signal is induced on a target line, the same signal will
be induced on nearby utility lines which may cause some confusion
when trying to identify the null.

Conductive Coupling
This is the most reliable way of applying the tracing signal. A good

electrical contact between the clip and the conductive portion of the
target line is essential. If necessary, use a file to clean off rust or paint
to ensure a good electrical connection. Electrical contact must also be
made to the ground using the supplied stake. For the best results,
drive the stake into the ground as far off to the side of the line as the
connecting cable will permit. (See Figure 5-2)

5-1

Figure 5-1. Inductive Coupling Setup



WA1NING

Clipping to power lines is dangerous and should not
be done. Insulation on the clip is not designed to pro-
tect against power line voltages.

STAKE

CABLE

Figure 5-2. Conductive Coupling Setup

Dealing with Clutter Signals
When operating in the inductive mode, an effective method of

reducing interference caused by parasitic signals from an adjacent
line is to find a second spot on the line that has a good clean null
(equal strength lobes on both sides). Move the transmitter to this spot.
Confirm that this is the target line by back-tracking with the receiver
to the first site of the transmitter and checking for a null. This
procedure of leapfrogging the transmitter is also the standard method
for extending the tracing range on electrically poor or leaky lines.

- I;
— 'II,
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Figure 5-3. Repositioning Transmitter to Reduce Interference
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Single-Lobe Identification
A second line parallel to the line being traced will emit a parasitic

signal but at a reduced strength. Interaction of these signals results in
unequal side lobes, which cause a large null off to one side of the
target line as indicated by signal pattern curve A in Figure 5-4. To
accurately trace a line under this condition will require practice. An
alternate method is to hold the receiver in a horizontal position
perpendicular to the line and listen for a single high pitch audio signal
that occurs directly over the line as indicated by signal pattern B.

// ,I _____/ / fr

\ ' '
" ' \

'S\ —
S —.

I S -
S

S •-.____— —

Figure 5-4. Single Lobe Identification Technique

Bends and Junctions

A variation of the two-line, single-lobe identification problem just
described occurs when the line being traced has a bend or junction. As
the receiver is brought near a bend or junction, the tracing signal
becomes difficult to interpret. When this occurs, walk a 20-foot circle
around the spot where the signal becomes confusing to detect the null
that will indicate the line's new direction. However, to be certain that
it is the new direction and not a junction, complete the circle to check
for a second null that will indicate if the line has a branch.

S
I

—

8

8

I

Figure 5-5. Identification of Bends and Junctions
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Signal Spreading
Target lines that are poorly insulated from ground such as gas

pipes, water pipes and anode strings may cause signal spreading to
occur over long distances from the transmitter, even when using the
conductive mode. This condition is prevalent when ground water is
present. The signal also spreads to nearby lines and into the soil itself.
When this situation is encountered, the transmitter must be moved
closer tothe section of the line to be traced and the conductive mode
used if possible.

Signal spreading can also occur even when lines are well insulated.
The tracing signal can travel into buildings via the ground or the
shield of a line and transfer to the shields of other lines leaving the
building. Signal spreading can be minimized by placing the
transmitter as far as possible from the building.

Magnetic Locator Function

The MAC-1B has a unique feature designed to help the operator
unscramble underground clutter. It is the option of switching to the
magnetic mode for a second indication of what category of targets are
in the immediate vicinity. In this mode cast-iron water and gas pipes
can be readily identified and even classified as to type by the
conventional spacing of joints. Power mains and some 60 Hz service
drops can also be identified by a burbling sound that peaks when the
receiver is directly over the power line. As the operator becomes more
familiar with the MAC-SiB System, switching between the M and C
functions when clutter is encountered will become an invaluable
tracing aid.

Isolators and Signal Path Continuity

The tracer current must travel in a cipsed loop. When it leaves the
line being traced, it loops back, one way or another, to the beginning
of the line. If the current cannot complete its loop the locating system
will not operate. T.he operator should be aware of this system
requirement when tracing lines that have electrical isolators installed.

Electrical isolators are sometimes placed in a gas line at the meter
to provide an electrically open circuit which stops the flow of galvanic
current and reduces corrosion. To inductively excite this type of line
by placing the transmitter close to the meter, a shorting wire must be
placed on the pipe to bypass the isolator. This allows the tracer
current to return to the pipe through the earth ground of the
building. An alternate method is to move the transmitter down the
line a few yards away from the building to a point where the gas pipe
riser provides a current return path.

5-4



SHORTING
WIRE

Isolators and Inductive Excitation

:1,

Electrical isolation sometimes occurs inadvertently on phone cables
entering a pedestal because the cable's shield is not grounded. In most
jurisdictions, grounding the shield inside the pedestal is not required
unless the cable shares a trench with power cables. If there is no
ground wire, it is recommended that a wire and clips, as shown in
Figure 5-7, be connected from the cable shield to the pedestal before
using the inductive mode to excite the target cable. This will greatly
improve the strength of the inducted tracing signal.

5-5

Iloo

Figure 5-6. Gas Line Isolator Bypassed with Shorting Wire

GROUNDING CLIP

Figure 5-7. Pedestal with Grounding Clip In.stalled



Isolators and Conductive Excitation

When using the conductive mode to trace a phone cable from a
pedestal, electrical isolation of the shield is an advantage. If a ground
wire is providing a good path from the shield to earth ground through
the pedestal, the trace current will use it to complete the return loop
to the trknsmitter grounding stake instead of going down the target
line. So if there is a ground wire in place, disconnect it from the
pedestal before connecting the conductive cable clip to the shield to
ensure that a strong tracer current is applied to the cable.

CLIP STAKE

Figure 5-8. Pedestal with Groundw ire Remoued

Determining Target Depth by Triangulation
The receiver can be used in the traditional triangulation method to

determine the approximate depth of a target as illustrated in Figure
5-9. However, when using this method it is necessary to take into
account the fact that the center of the cable-sensor is located 11 inches
up the receiver tube from the black tip.

When the position of the target has been determined by the null,
mark the spot (#1) on the ground. Hold the receiver tip on the ground
at this spot, slant the instrument at a 450 angle and slowly move
directly back, to one side, from the target until a second null is
obtained. Now mark a spot (#2) on the ground that is directly below a
point .11 inches up the receiver tube from the black tip. Measure the
distance between spot # 1 and spot #2. This measurement indicates
the approximate depth of the target.

5-6
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Figure 5-9. Determining Approximate Depth of Target

NOTE
Depth readings should be taken
on both sides of the line at a spot
where the lobes have the same
signal strength. This procedure
will help reduce any error in
depth estimation caused by a
distorted tracing signal due to
interference.
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Section VI
Maintenance

The MAC-51B system is built to give trouble-free operation.
Normally, maintenance is limited to the occasional replacement of
batteries. In the event that a malfunction does occur, refer to the
appropriate trouble-shooting guide on page 6-4. They list a few
possible problems that can generally be corrected in the field so that
you will be able to continue using the locator without interruption.

Replacement of Receiver Batteries

The receiver is powered by four C-cell batteries carried in a battery
holder illustrated in the exploded view of the electronic assembly.
Access to the batteries is obtained by removing the two knurled nuts
and sliding off the cover.

The four batteries are connected in series. The proper polarities for
the batteries are shown on the battery holder. Batteries must be
removed and installed as shown in Figure 6-2.

BATTERY HOLDER

COVER

Figure 6-1. Exploded View of Receiver Electronic Unit

6-1
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Figure 6-2. Replacement of Receiver Batteries
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Replacement of Transmitter Batteries

.:1

The transmitter is powered by eight alkaline C-cell batteries located in
a battery holder. Access to the batteries, as illustrated in Figure 6-3, is
obtained by removing the two knurled nut, the battery holder cover,
and the spare battery holder. The eight batteries are connected in series.
The proper polaries for the batteries, their removal, and insta1laon
sequence are indicated below. Batteries must be removed and installed in
the order shown.

SPARE BATTERIES

BATTERY
BOX TERMINALS

REMOVE BATTERIES FROM ENDS.
OPPOSITE SPRINGS FIRST
INSTALL BATTERIES AGAINST
SPRINGS FIRST.

Figure 6-3. Re-placement of Transmitter Batteries

6-3
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RECEIVER TROUBLESHOOTING GUIDE

Symptom Possible Cause How to Check How to Fix
Dead Dead Batteries. Replace. Replace.

Batteries not Check for Clean Contacts.
making contact
contact, corrosion.
Broken Wires. Visually Resolder.

inspect.
Intermittent Batteries not Check for Clean Contacts.

making good corrosion.
contact.

No sound Speaker Visual. Bend terminals.
terminals
shorted to
cover,

TRANSMITTER_TROUBLESHOOTING GUIDE

Sympton Possible Cause How to Check How to Fix
No Sound Dead Batteries. Replace. Replace.

Batteries not Check for Clean Contacts.
making contact
contact, corrosion.
Broken wires. Visually Resolder.

inspect.
Intermittent Batteries not Check for Clean contacts.
Sound making corrosion.

CO fl tact,

SERVICE INFORMATION

If your locator needs service, please return it to the factory along with
the following information: Name, Address, Where Purchased, Date and
Description of Trouble(s). A telephone estimate will be provided prior to
service work being done. See shipping information on Page 6-7.

6-4
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LIMITED WARRANTY

The Schonstedt Instrument Company Schonstedt) warrants each
product of its manufacture to be free from defects in material and
workmanship subject to the following terms and conditions. The war-
ranty is effective for one year after shipment by Schonstedt to the
origirral purchaser.

Our obligation under the warranty is limited to servicing or adjust-
ing any product returned to the factory for this purpose and to replac-
ing any defective part thereof. Such product must be returned by the
original purchaser, transportation charges prepaid, with proof in
writing, to our satisfaction, of the defect. If the fault has been caused
by misuse or abnormal conditions of operation, repairs will be billed at
cost. Prior to repair in this instance, a cost estimate will be submitted.
Service or shipping information will be furnished upon notification of
the difficulty encountered. Model and serial numbers must be supplied
by user. Batteries are specifically excluded under the warranty.

Schonstedt shall not be liable for any injury to persons or property or
for any other special or consequential damages sustained or expenses
incurred by reason of the use of .any Schonstedt product.

PATENTS

Manufactured under the following Patents: United States: 2,916,696;
2,981,885; 3,894,283; 3,909,704; 3,961,245; 3,977,072; 4,110,689; 4,161,568;
4,163,877; 4,258,320; 4,388,592 and Design 255552. Canada: 637,963;
673,375; 1,006,915; 1,037,121; 1,141,003, 1,177,891 and 1,206,091. Great
Britain: 1,446,741; 1,446,742; 1,494,865 and 2,012,430B. France: 2,205,671
and 81 122g5. Germany: 25 51 965.0-09; 25 55 630; and 29 01163. Japan:
1,595,127 and 1,413,844. Other patents pending.

I.. ri.
Ui

—

Please ship locator (in its

Schonstedt
1775

FOR SERVICE OR REPAIR
case to):

Instrument Company
Wiehie Avenue

Reston, VA 22090
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SECTION 1

GENERAL INFORMATION

.L.

-_
1.1 INTRODUCTION

.fl which

RH + hv -.—) RH+ + e-

RH • Trace gas
hv Photon with a

than the ioni
n energy level
zation potential

equal to or greater
of RH.

The sensor consists
Ce that emits photons
ze many trace species,
gh to ionize the major

of a sealed ultraviolet
with an energy level h
particularly organics
components of air, 02

light
nough to
not high
CO. C02 or

To minimize absorption or
rapid flow of sample gas is ma
which is small, made of inert
sampling point.

decomposition of sample gases,
intained thru the ion chamber,
material and located at the

a

The analyzer
battery charger.
circuitry; the re
power supply and
operate from the
when connected to

consists of a probe, a
The probe contains the
adout assembly contains
rechargeable battery.
battery for more ta.han
the battery charger.

readout assembly, and
sensing and amplifying
the meter, controls,

The analyzer will
10 hours or continuously

a

PACE I—I

This manual describes the operation,
list for the Trace Gas Analyzer, Model P1

1.2 EQUIPMENT DESCRIPTION

maintenance and parts
101, HNU Systems Inc.

The Trace Gas Analyzer (see Figure 1—1), is a portable
instrument used to detect, measure, and provide a direct reading
of the concentration of a variety of trace gases in many
industrial or plant atmospheres. The analyzer employs the
principle of photoionization. This process involves the
absorption of ultra—violet light (a photon) by a gas molecule
leading to ionization:

sour

enou
H20.

(U V)
igh e

• but
• 14.,

A chamber exposed to th
electrodes, one a bias elect
electrode. When a positive
electode a field is created
absorption of photons are dr
The current produced is then
concentration displayed on a
(ppm).

e light source contains a pa:r of
rode and the second a collector
potential is applied to the bias
in the chamber. Ions formed by the
iven to the collector electrode.
measured and the corresponding
meter directly in parts per million
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...JECTION 1.2, EQUIPMENT DESCRIPTION cont

data is given in the calib

The standard probe
probes use 9.5 and 11.7
ratings, ion chamber and
between probes.

Many applications make use of the p
compounds respond to the more energetic
Figure 1—2 shows the responses for the a
three lamps. Literature explaining seve
available from HNU Systems Inc.

Physical
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to the readout

PAGE 1—3
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The P1 101
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fferent energies. The analyzer is ready
ting the probe to the readout assembly,
pot value, and then zeroing the unit.

ration memo accompanying each

probes
for use

setting
Specific
probe.
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eV lamps. Lamps of different eV
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signal when a set concentration
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meter read
and does m
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nting inadverten
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TABLE 1-1

SPECIFICATION DATA

a. DESIGN FEATURES

Range settings 0 to 20, 200, 2000 ppm
(other ranges available on request)

Lamp rating 10.2 eV standard,
9.5 or 11.7 eV optional

—
Audible alarm, 85 db at 3'
low or high limit
(optional)

b. CHARACTERISTICS (see NOTE)

Detection Range * 0.1 to 2000 ppm
(parts per million by volume)

Minimum Detection Level 0.1 ppm

Maximum Sensitivity U to 20 ppm FSD at SPAN 0•3
(full scale deflection)
0 to 2 ppm FSD at SPAN — 0.0

Repeatability +1— 1 of FSD

Linear Range 0.1 to 400 ppm

Useful Range * 0.1 to 2000 ppm

Response Time Less than 5 seconds to 90: of FSD

Ambient Humidity up to 90 RH (relative humidity)
Operating Temperature, —10 to 40 degrees C.
Ambient

Operatng Time on
Battery. continuous use,

without HNU recorder Approximately 10 hours; at lower
temperatures time is reduced due
to effect of cold temperature on
battery.

with HNU recorder Approximately one half of normal
(optional) time

PAGE 1—7



TABLE 1—1 cont.

Recharge tiIie from Full, recharge — 12 to 11. hoursfull discharge

Recharge current Max 0.4 amps at 15 V DC

Battery Charger Power 120 V AC, single phase, 50—60 cycle,
1.5 Amps

NOTE: * When equipped with 10.2 eV Probe with SPAN set at 9.8
and measuring benzene. Values will vary for other
compounds and conditions.

PAGE 1—8
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TABLE 1—2

EQUIPMENT SIZE & WEIGHT

Overall dimensions Weight, Volume, c3
Quantity Name cm (inches) kg (lbs.) (cu. ft.)

Trace Gas 21W x 13D x 24H 3.8 6552

Analyzer (8 1/4 x 5 3/16 (8.2) (0.23)
(stored condition) x 9 1/2)

Probe Assenb1y 6.3 Diam x 28.5L 0.55 564
(2 1/2 x 11 1/4) (1.2) (0.02)

Readout Assembly 21W x 13D x 16.5H 3.2 6504
(8 1/6 x 5 3/16 (7.0) (0.16)

x 6 1/2)

Battery Charger lOW x 12.7D x 9L 0.4 1143
w.th cord (4 x 5 x 3 112) (0.9) (0.04)

PAGE 1—9



Unpack the instrument carefully.
the housing, straps, battery charger,
regulator and cylinder if ordered, spa
manual. Be sure all items are removed
carton.

2.2 CONTROLS AND INDICATORS

The carton will contain
additional probes,
re parts, supplies and a
before discarding the

—

The controls and i
of the readout assembly
described in Tables 2—i

ndicators are located
(see Figure 2—1) and
and 2—2.

on the front panel
are listed and

3 OPERATING PROCEDURES

The following procedures are to be used
analyzer:

in operating the

I-
a. Unclamp the cover from the main readout assembly.

b. Remove the inner 1
two fasteners.

id from the cover by pulling out the

c. Remove the probe, handle and cable from the cover.
Attach the handle to the front part. of the probe.

d. Connect the probe
on the readout ass
alignment slot in
Screw down the pro
and lock is felt.

e. Screw the
The probe

pin keyed socket
ily match the
in the connector.
distinct snap

probe extension into the probe end cap.
may be used without the extension if desired.

f. Set the SPAN
9.5, or 11.7
calibration

control for the
eV) as specific
or by subsequent

probe being used
d by the initial
calibrations.

PAGE 2—1

SECTION 2

OPERATION

2.1 INTRODUCTION/UNPAC)ING

Attached
be filled out

to the instrument is a warranty card which should
completely and returned to HNU Systems.

cable plug to
embly panel.
the plug to t
be connector

the 12
Ca ref u

he key
until a

(10.2,
factory
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TABLE 2—1

CONTROLS

:: *

Name Position Function
Os

Function Switch

OFF

Controls the operation of
the analyzer

All operations OFF

Al]. electronics
ultraviolet (tJV
source OFF. Th
conserves power
battery life.
position is us
analyzer zero
(i.e. no UV ii
signal)

Sets range of
0—2000 ppm.

Sets range
0—200 ppm.

Sets range
0—20 ppm.

ON,
) light
is position
and extends

This
ed to set the
position.
ght, no

NOTE: See Figure 2—1 for locations.

PACE 2—3

With the
STANDBY
potenti
adjust

switch
this
sed
to

check)
Checks the condition of
the battery. If the meter
needle is in the
green arc, the battery is
charged. If not the
battery should be
recharged. Charging can be
done in any position, best
in OFF; see directions on
charger.

BATT
(battery

STANDBY

0—2000

0—2 00

0—20

meter at

ZERO

of meter at

of meter at

function
position,

ometer is U
the reading

in

to
zero.
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TABLE 2—1 cont.

SPAN This vernier potentiometer
is used to set the gain of
the amplifier to give
direct readings of the
trace gas concentrations
jt ppm. The whole number
of the setting appears in
the window of the control,
decimal appears on the
dial. A lock secures it
at a specific setting.

HI—VOLTAGE This is a normally open
microswitch.

Open Switch is open when cable
not connected, disconnecting
high voltage for the tJV lamp
from the 12 pin connector
as a safety precaution.

Closed Switch is automatically
closed when the cable is
attached.
This switch may also be
closed manually during
maintenance checks
of the readout assembly
without the probe cable
attached.

ALARM SET Potentiometer with screw—
(optional) driver adjustment.

Turns the audible alarm O
or OFF and sets the ppm
level at which the alarm
sounds. If alarm is low
limit, it sounds when
measured ppm falls below
this value. If alarm is
high limit it sounds when
measured ppm exceeds this
value.

NOTE: See Figure 2—i for locations.

PACE 2—1



TABLE 2—2

INDICATORS AND DISPLAYS

Name Function

Low Battery Indicator Light Illuminates when battery is
(red light) discharged. indicates need for
(see NOTE) recharge.

Do not use unit when this
light is ON.

Readings may be taken while
battery is being recharged.

Meter (see NOTE) Indicates concentration of
measured gas.

Recorder (optaonel) Provides a record of readings
(see Figures 2—1 And 8—3) while analyzer operates

unattended.
Recorder inputs 0 to —5 V DC.

NOT: See Figure 2—1 for locations.
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SECTION 2.3, OPERATING ?1OCEDURES cont.

g. Turn
posi
zone

the function switch
tion. The needle on
if the battery is

to the BATT (battery
the meter will o to

analyzer is used.

h. Set SPAN pot to the desired value based on the gas
to be used.

i. Turn
Turn
at z

the
the

ero.

j. Calibrate the
3. Calibrat:
desirable.

instrument daily as described in Section
on on the selected ooeratin range is

k. If equippe
setting at
to the des
so the met
value. Th
reading wh
req
to

(

a

IT)O

tes
arm
r e w

tion
If th
on t

alarm, set or chec
Turn the func
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thru the d
tions. Obs
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urn the fun
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s to be cha

k the alarm
tion switch
nt control
esi red
erve the
LAR! SET, if
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os1 t Ion
need, the

l To operate
bracket
analyzer
Then con
in the c

'ith optional recorder
(see Fjure E—3). Remove
case and insert power cc

nec: the signal leads to
ontrol nodule. The recor

NOTE: flanges must be marked on the chart
recorder prints the meter display as of

PACE 2—6

as the
Full Scile.

fully charged.
below the green arc or if the Lou Battery Indicator
comes on, the battery must be recharged before the

c heck)
the green

If the needle is

function switch
zero adjustment

to the STANDBY position.
until the meter needle is

optional.th
e le
ci ra

need
$ mu
the

w

th
: re
er
15
en

uired, .ith
the STAY

desired.
turn the

vel

nge
Ic
la
al

a sc
yosi

para. h. above).
lam must be reset

yes upscale
real condi
sounds. A

driver. T
and reset
e range i
hat range.

• add the recorder
the plu in the

rd into the recor
the aopropriate
der is no operr:

dcr
ac ks
Aonai

m. Turn the function switch to the appronriate operating
position. Start with the 0—2000 position and then
switch to the oore sensitive ranges. The IJV light
source should be on, confirmed by briefly looking into
the probe to observe a purple glow from the lamp.

1ARNI!4G

Do not look at the light source closer than
6 inches with unprotected eyes. Observe or.lv
if necessary, then only briefly. Continued
exposure to ultraviolet
the light source can be

eneegy generated by
harmful to eyesight.
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;ECTION 2.3, OPERATING PROCEDURES cont.

n. The analyzer is now operational.

o. Hold the probe so that the extension is at the point
where the measurement is to be made. The instrument
measures the concentration by drawing the gas in at the
end of the extension, through the ionization chamber,
and out the handle end of the probe.

WARNING

The instrument measures gases in the
vicinity of the operator and a high reading
when measuring toxic or explosive gases— should be cause for action for operator
safety.

p. Take the reading or readings as desired taking into
account that air currents or drafts in the vicinity of
the probe tip may cause fluctuations in readings.
Change the ranges as required.

q. Check battery condition as required. If the Low Battery
Indicator comes on, turn analyzer off and recharge.

CAUTION

Use only in an emergency with a low battery
when on battery charge.

PACE 2—7



SECTION 2.3, OPERATING PROCEDURES cant.

r. After completion of use,
described in pars. g.

check battery condition as

s. Turn function switch to OFF position.

t. When not operating, leave analyzer in assembled
condition, and connected to battery charger.

u. When transporting, disassemble probe and
readout assembly and return equipment to
condition.

v. In case of emergency, turn function switch to OFF
position.

p05:1 tion.

j ck, J6, on the side
n ert the charger plug
o cycle outlet. To ens
t e function switch, SI
• The meter should deflect
g and connections properly
ng, leave the function swit

The analyzer
turning the
will extend
battery.

switch to the desired position.
required to completely recharge

Such usage
the

NOTE: On all Sirs approved
the probe assembly b
re—charging. Without
instrument will not

P1 lOis it is necessary
efore turning on the inst
following this procedure
show battery check.

to connect
rument and
the

PACE 2—8

extension
its stored

from

2.'. BATTERY CHARGE

the
h pe
low
it

bat
nod
as

is it

tery charge
of operatio
indicated by
ecessary to

Check
during eac
battery is
.ndicator

To char
the charger
to the mete
AC s.ng1e p
is function
check (BATT
the charger
normal batt

as described in parag
it, at least once dail
the meter reading or

recharge the battery.

ra p
y.
the

2—3 g
f the
warning

ge the
into
r. Tb
hase,
1mg, t
) posi
is wo

cry ch

batt
the
en i
50—6
urn
t ion
rkirt
argi

cry, first insert the mini phone plug of
a of the bezel adjacent
S into a 120 or 230 V

ure that the charger
h , to the battery

full
made.
ch in

function
the time

scale if
For

the OFF

cart be operated, however, while recharging by

The battery charger is not Div. II approved.



INTRODUCTION

SECTION 3

CALIBRATION

.iL t:

S
WARNING:

The Fl 101 is a non—destructive
toxic or hazardous gases must

The
usage of
If the a
should
recomm
(daily

s d
q ues
call

frequency o
the analyze

nalyzer has

check.
ate and
zed gas

for
on r
the
able
cali
atio
use

ient

call

ange
anal
data.
brating the
it at ambient
d for calibrat
temperatures

calibrations
be done in a hood.

ion
and

— 3.2 ANALYZED GAS CYLINDER

a. Concentration — The calibration gas cylinder is to
contain the species of interest made up in an air matrix
at or near the concentration to be analyzed. If the
component is unstable in sir, another matrix is to be
used. The final calibration mixture should be similar
to the sample the P1 101 will analyze. If the expected
cøncentration is not known then a concentration should
be chosen that will cause a Scale displacement of 50 to
80 on the XlO range. Calibp.ation on X10 range will
provide accurate values en the Xl range as well.
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The P1 101 Analyzer is designed for trace gas analysis in
ambient air and is calibrated at HNU with certified standards of
benzene, vinyl chloride and isobutylene. Other optional
calibrations are available (e.g., ammonia, ethylene oxide, }12S,
etc.). Calibration data is given in the data sheet. If a
special calibration has been done, the data is given in the
Application Data Sheet, which notes the sample source, type
calibration (see Section 8, Appendix), and other pertinent

of

—

—

information.
Good instrumentation practice calls

species to be measured in the concentrati
This procedure assures the operator that
operating properly and will generate reli

Some general points to consider when
are that the analyzer is designed for oper
conditions and therefore the gas standards
should be delivered to the analyzer at 8mb
pressure and at the proper flow rates.
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yzer is
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ended that C
or every ot
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3—1 and described below. Additional
given in Section 8., Appendix.

method of
in a test
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setup as shown in

material
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Figure

on calibration is



SECTION 3.2, ANALYZED CAS CYLINDER

0—2000 range, a two—standard
rred: one at 70 to 85Z of the
other at 25 to 35 of the linear
ear range of approximately 600 ppm
hese points would lie between 420
10 ppm, respectively.

the cylinder dunn
calibration is req
small cylinder is
of cylinder mater
considered (steel
any questions, th
usage information

gas
g the period
uired in the
recommended.
ial in contact
aluminum or

e operator sho
from the gas

Extrene care
of gas cylirtd
pressure. In
be hazardous.
provide data
request.

must
ers.
some
Many

sheets

c. Delivery — The cylinder containing the calibration
nuxture must be connected to a proper regulator.

WARNING

tank/regulator connections as well as the
valve to prevent toxic or hazardous
leaking into the work area. Care must
materials of construction of the
not interact with the calibration gas.

One method of sampling the calibration gas is
illustrated in Figure 3-1. Connect the cylinder to one
leg of the tee, a flow meter to the opposite leg, and
the probe to the third leg. The flow meter does not
require a valve. If there is a valve, it must be left
wide open. the floweeter is only to indicate excess
flow. Adjust the flow from the regulator such that only
a little excess flow is registered at the flowmeter.
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For use on the
calibration is prefe
linear range and the
range. With the un
for most compounds t
510. ppm and 150 to 2

b. Stability — The calibration

to

must be stable within
of use. If the
field, then use of a

In addition, the choice
with the gas must be
teflon). If there are
uld request stability and
supplier.

WARNING

be taken in the handling
Contents are under high
cases, the contents may
gas suppliers will
for the mixtures upon

Never open the valve on a gas
container without a regulator

cylinder
attached.

Leak test
main cyli
materials
taken tha
regulator

all
nder
from

t the
will

be



3.3 PROBE

This insures that the P1
atmospheric pressure and

d. Usage — Generally,
below 200—300
concentration
used past the
indicated by t
verify the con
cylinder.

e. Alternate means o
more information,

101 sees the calibration gas at
ambient temperature.

a gas cylinder
as pressure effects
iations. The cylind
ommended age of the
manufacturer. In ca
ts and concentration

f calibration are possible. For
contact the HNU Service Department.

a. Identify
exists, disas
energy of the

semble the probe and
lamp is etched into

If a question
inspect the lamp.
the glass envelope

b. Connect
the red
connector.

c. Set the SPAN
calibrated.
the probe.

pot to the proper value
Refer to the calibratio

for the probe being
n memo accompanying

d. Check the Ionization
gas to be used. The
at or below the IP o

Potential
IP of the
f the lamp.

(IP) of the calibration
calibration gas must be

e. Proceed with
3.4. Check

the calibration as de
the calibration memo f

develop, call the

scribed in Section
or specific data.
HNU representative.

f. NOTE: The 11.7eV
Do not use water
11.7 eV lamp. Do no
amplifier boards or
5.2).

3.4 PROCEDURE

t interchange
lamps between

the function
in the green
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SECTION 3.2, ANALYZED GAS CYLINDER cont.

.1. t:

psi
var
rec
he
ten

should not be used
could cause

er should not be
contents as
se of difficulty,
of the gas

the probe by the lamp label.

the probe
interlock

to the readout assembly
switch is depressed by

The

making
the ring

sure
on the

If any questions
lamp has a specia
or any other clea

a. Battery check
The needle

— Turn
should be

recharge the battery.

1 cleaning compound.
fling compound with the
ion charnbers,
probes. (See Section

switch to BATT.
region. If not,



SECTION 3.4, PROCEDURE cont.
:: t:: ..j.

b. Zero set — Turn the function switch to STANDBY.
In this position the lamp is OFF and no signal is
generated. Set the zero point with the ZERO set
control. The zero can also be set with the function
switch on the Xl position and using a "Hydrocarbon—free"
air. In this case "negative" readings are possible if
the analyzer measures a cleaner sample when in service.

c. 0—20 or 0—200
0—200 range
function swi
reading. Adj
read the ppm
zero setting
repeat step c
and the gas s

range
only one
tch to t
ust the
concen
(step
• This
tandard

he 0—
cited
gher S
n call
stment
d cali
poxima

e —2).
he 0—20 0
rzbed in

the 0—20 or
ired. Turn the
note the meter
s required to

Recheck the
needed,
bration; zero
ibration

2000 range, use
in Section
tandard using
brate with the
• Repeat these
bration is
tely linear to
If the analyzer
r 0—200 range,
steps b. and c.

iting from
not be achieved,
on 5.2).

1. Lamp replacement —
the lamp has failed
5.3).

If the lamp output is too low or if
it must be replaced (see Section

3.5 CALIBRATION CHECKING

Rapid calibration checking in the field can be accomplished
by use of a small disposable cylinder containing isobutylene.
Immediately after a calibration has been completed, a reading is
taken on a special isobutylene standard. This provides a
reference concentration measurement for later checking in the
field. This can be done at any time with a portable cylinder
containing this same special standard, using this reference
reading as a check, and making adjustments to the analyzer if.
necessary. In effect, this is an indirect method of
calibration, one maintaining the calibration to give direct
readings for the original gas mixture, but using the portable
isobutylene cylinder. Details are given in Section 8.2 of the

Appendix.
—
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SECTION 4

FUNCTIONAL. DESCRIPTION

r measures the concentration of trace gases
tmosphere by phocoionization. Photoionization
corn or molecule absorbs a photon of sufficient
e an electron and become a positive ion. This
the ionization potential of the molecule in
eV) is less than the energy of the photon. The
s is an ultraviolet lamp with an energy of

r 11.7 eV.
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The species with the higher values are more sensitive to
the 10.2 eV photons than are those with lower values. For

— example, referring to data in Table 8—14, an analyzer calibrated
for benzene, when measuring a sample containing 10 ppm of
benzene, wj].]. read 10.0 and when measuring a sample containing
10 ppm of vinyl chloride will read 5.0. This shows the lover
sensitivity of the vinyl chloride. Similar conditions are the
case for the 9.5 and 11.7 eV lamps.
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Gas Analyzer. The ap
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particular species in
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read 10 ppm when measu
chloride. These span
the lamp. Application
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Example "b" shows
Vinyl Chloride (IP—9.9
Acetylene (IP—11.4).
gives a direct reading

Example 'c" shows
Isoprene (IP.9.08) by
but is less sensitive.

se tings for a 10.2
the amounts of trace

given in Table 8—14.
set at 4.3 the analyze
• containing 10 ppm of
1 vary with the condit
V probe is illustrat
—2. In each case
standard atwosph
0.2 eV probe to

measure
gas,
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TABLEl—

RELATIVE PHOTOIONIZATION SENSITIVITIES FOR GASES

Chemical
Grouping

Relative Sensitivity
(see NOTE) Examples

Atomatjc 10

Aliphatic Amine 10

Chlorinated 59
Unsaturated

Carbonyl 7—9

Unsaturated 3—5

Benzene, Toluene, Styrene

Diethylamine

Vinyl Chloride, Vinylidene
Chloride, Trichioroethylene

MEL. MiBK, Acetone,
Cyclohexanone

Arolein, Propylene,
Cyclohexanone,Allyl Alcohol

Hydrogen
Methyl Me

Sulfide,
rcaptart

Paraffn (C5—C7)

Ammonia

1—3

0.3

Pen tane, Hexane, Heptane

paraffin (Cl—C'.) 0 Methane t hane

NOTE: Relative sensi
when measuring
with instrumen
calibrated for
pot setting
benzene.

tivity —
10 ppc

t with I
10 ppm

9.8 for

meter reading
of the listed gas
0.2 eV probe
of benzene, span
direct reading of

PAGE

Sulfide 3—5



TABLE 4—2 In

TYPICAL APPLICATIONS OF INTERCHANGEABLE PROBES

Ionization

Compound
potentials

(eV)

8.44
8.70
8.82
8.83
9.19

9.24
9.24
9.32
9.67
9.88

9.80
9.88
9.95

10.9I
10.15

10.37
10.52
10.56

Relative
9.5/10.2 eV

O..10

0.09
0.09
0.075
0.075

0.10
0.10
0.075
0.10
0.075

0.09
0.075
0.085
0.09
0.06

0.04
0.0
0.0

Sensitivity
11.7/10.2 eV

0.104
0.112
0.112
0.112
0.112

0.10
0.072
0.122
0.112
0.104

0.116
0.106
0.112
0.176
0.160

0.560
0.320
0.298

Relative senSitiVty
Response with 9.5 or 11.7 eV probe

Response with 10.2 eV probe
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p—Xylene
p—Chlorotoluene
Toluene
o—Chlorotojuene
Ethyl Acetate

Ben zene

Methyl Mercaptan
Pyridine
Allyl Alcohol
Crotonaldehyde

Amyl Alcohol
Cyclohexane
Vinyl Chloride
Butanol
Ammoiu.a

Acetic Acid
Ethylene
Ethylene Oxide
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Vinyl Chloflde (9,995)

—

ill
--

,1 ______
10.2 eVProbe energy(eV)

. .. C.rQb€. n'*e...re :,r..i ChIcre. 'IF

Acetylene (114) Vinyl Chloride (9.995)

10 9

10.2 eV Probe energy (eV)

Isoprene (9.08)

£1
11

I
10 9

10,2ev Probe energy

' —i-

FIGURE 4-2
APPLICATION OF PROBES



Vinyl Chloride (9.995) Isoprene (9.08)
—

I I

11 9
-4

9.5 eV Probe enerQy (eV)

':)r.J t.LI —

Acetylene (11.4)

I I
11 10 9

1.7 cv Probe
energy (eV)

— . .. . .., .

Acetylene 11 Vinyl Chloriae (9.995)

11

11.7 cv Probe 10.2 cv Probe energy teV)

-. 11... F'rc.b,. .eeure bc..r, t.Irr,c ir -

end Virs1 Lhior-de 'IF =

1O. cv Probe rneaurc- Virv.1 Chloride
but not Acetylene

Dierc.nce between the two reeC1ng i the
meacure of Acetylene

FIGURE4-2
APPLICATION OF PROBES CONTINUED Page 4.7



::

TABLE 4—3

PROBE APPLICATION EXAMPLES

Application Recommended Probe

Styrene (IP — 8.67) 10.2
Alone

Hexane (IP — 10.48) 10.2
Alone

Formaldehyde (IP 10.87) 11.7
Alone

Styrene/Hexane 10.2 and 9.5

Together Use 10.2 to measure total.
9.5 to measure Styrene,
difference i11 be the
concentration of Hexane.

Formaldehycle/Styrene 10.2 and 11.7

Together Use 11.7 to measure total,
10.2 to measure Styrene,
difference will be the
contentration of Formaldehyde

PAGE.. 4—8



SECTION 6 cont.

— ' 6 9.5 eV PROBE

Il I{
I

The 9.5 eV probe
it is necessary to cxc
IP>9..5 eV and (10.2 eV
Figure 4-2. Here a 9.
(IP.9.08) in the prese

Gain settings for
various species are g

.S EQUIPMENT DESCRIPTION

The components
the readout assembly
chamber, UV light sou
in the probe assembly
the meter are located
the readout assembly a

The fan draws ga
The flow rate is appr
Small variations in

measurement. A major
prevent proper operat
cannot draw a sample
drop.

The output from
on the meter.

Voltage for the
fan is provided from
The battery provides
positive side of the

used to measure gases with IP<9.5 when
e gases that may be present having
This is illustrated by example "d" in
V probe is used to measure Isoprene
of Vinyl Chloride (1Pw9.995)..
.5 eV probe to give direct readings
in Table 8—15.

d 4—4). The ion
d, and fan are located
power supply board, and
embly. The probe and
800 cm (32") cable.

robe and ion chamber.
centimeters per minute.
affect the
flow, however, will
ponse time. The fan
across a pressure

amplifier and
supply board.
converter. The

PAGE 4—9

is
lud
.

5e
nce
a9
iven

4.7 11.7 eV PROBE

for

The 1
IP)10.2 eV
itself is
used to
in Conju
"f''. In
and Vinyl
measuremen

The 1
Acetylene
measures j
d ifference

measur
nction
this
Chlo
t of
1.7
and
ust
bet

—

ba

1.7 eV Probe is used to measure trace gases with
but less than 11.7 eV. The use of this probe by
illustrated in example "e0. Here the 11.7 eV probe is

e Acetylene (IP11.4 eV). The use of this probe
with a 10.7 eV probe is illustrated in example
case, two gases are present, Acetylene (iP11.4)
ride (IP9.995). The objective is to obtain a
the Acetylene alone.

eV probe measures the total presence of both
Vinyl Chloride together. The 10.2 eV probe
the Vinyl Chloride, excluding the Acetylene. The
ween the two readings is the measure of the

eV probe to give direct readings
Table 8—15.

are located in the probe and

Acetylene.
Gain settings for the 11.7

for various species are given in

of the analyzer
3a
boa
th
as
a

(see Figures 4—
rce, amplifier
• The battery,
in the readout
re connected by
s in through th

oximately 100 cu
the flow rate do
obstruction to
ion and lengthen
from any distanc

n

r
e
S
n

ep
bic
not
the
rca

e or

the ion chamber is amplified and read out

light source, ion chamber,
a DC converter on the power
the source of power for the
battery is grounded.



Section 4.8, EQUIPMENT DESCRIPTION cont.

The input
(see sch

fier Al.
s thru p1
Power for

respectively.
enters at pin
pin .3.

switch on the
Connecti

switch serve

signal from the ion
ematic Figure 6—5),
The zero adjustment
ns 3 and C on P2/J2,
the amplifier enter
Span control adjust
B, signal output at

S
control panel.
ons from the resistor
to set the operating

chamber enters at connector
goes to transistor Qi and
setting on the control panel
thence to the transistor Qi.

S On pins
ment from
pin E, and

network
range of

from
put
ifie
and

this same network
of the span control pot
r through pin H on the
feedback resistor R5 to

Condition

Probe connected, lamp
operatg properly

Voltage, V DC

—350 to &50

Probe connected,
operatng properly

lamp not —1100 to —1200

Probe not connected, high 0 to —300
voltage switch not depressed

Probe not connected, high —1100 to —1200
voltage switth depressed manually

P1/.31

ampli
enter

The output signal from
cable connector P3/.33 to pad
the resistor network R39 thr
R48. Prom there it oes to

the
11
uR
the

D and F
the control panel
ground connector at

amplifier goes thru pin E in the
on the power supply board, to
49, including the adjustable pot
meter through the function

through the
the meter.

er comes
The out
the ampi

r board,

the span control potentiomet
through the function switch.
provides feedback control to
cable, pin B on the amplifie
the amplifier input.

Power for the UV lamp,
networks containing CR4—9 op
terminals of transformer Ti.
the power supply board or .33
follows for the several diff

function
Input to

—

'S

Dl, is
crating
Volta
pin D,

erent c

provided by
from the r

ge for the
Figure 4—6
onditions t

rectifier
ed and white
lamp (pad 22 on
) will be as
hat may exist.

Power for
CR2 and 3 opera
regulator Zi.
networks CR13—i
Paver far the f
operating from
Conversion of t
accomplished by
connector .37.

the ion chamber is provided by rectifier network
ting from terminals 6 and 7 of Ti and voltage
Power for the amplifier is provided by rectifier
6 operating from terminals 6,5 and 8 of TI.
an motor is provided by rectifier network CRI8—21
terminals 1, 2 and 3 of transformer Ti.
he DC from the battery for input power to Ti is
Z2. Power for a recorder is available at

PAGE 4—10
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Section 4.8, EQUIPMENT DESCRIPTION Cont.

D3provides indication if
prescribed level of 11.23
the battery charger. The s
ction switch. Microswitc
the cable connector when

the battery voltage
V DC. J6 provides to
ix bank switch, Si, i

h S2 disables the high
disconnected.

falls below
r connection
s the
voltage power

pin i on P/J6, goes to the second input
Ui operates the audible alarm through Q3
these is connected at the factory to give
alarm, respectively, as requested by the
operate when the signal falls or rises above
Reference power for the alarm setting enters
and power for the amplifier and transistors
pin 5. The battery charger provides 15.0 V

the
of
fun
to

board
The alarm board (optional) is
by the cable containing

connected to the
connector P6/J6. The

power supply
amplifier

output signal, pin 9 on P6/36 (see schematic Figure 6—6), goes
to one input of Ui (see schematic Figure 4—5).

The output from the alarm set control on the front panel,
of 1.11

or Q2
low

user.

• The output from
• Only one of
alarm or high

The alarm will.
this threshold.
the board at pin 2

QI chru Q3 enters at
DC for recharging.

PAGE 4—11



READOUT UNIT

FIGURE 43
BLOCK DIAGRAM

COMPONENT LOCATION Pig.'.
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FIGURE 4-4
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5.1 INTRODUCTION

SECTION 5

H A IN TEN A N CE

Oh

the lamp
onent
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Otherwi s
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any dis
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WARNING: Use great
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condition
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a. Disassemble
chamber (se
doing so to
components.

the probe
e Section
prevent

and ion
at care
these
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and
parts or subassernblies.

Maintenance of the analyzer consists of cleaning
ion chamber, replacement of the lamp or other comp

AR N I N

before
e, high voltage

care when operating the analyzer with
t assembly outside its case due to the
f 1200 V DC.

light sourc
unprotected

tinued expos
y the light

e from
eyes.

ure to
source

fat
on

vit
and
or

of operation
be rawn in

V lamp or in

of the a
to the pr
the ion

ed by
able,
depos

n a 1 y
obe
charn

zer
forn
ber.

dust
ing d
This

cause erroneous readings.
as required. Cleaning can

b. First check the lamp
the surface at an in
or discoloration may
process. Clean the

in
and remove the lamp

55). Exercise gre
inadvertent damage to

window for fouling
cident angle. Any d
interfere with the

window as tollows:

by looking at
eposits, films
ionization



1) 9.5 and 10.2 eV lamps

remove
aning
lens

ce wit
r a le

ff U JL

deposit, apply
compound (PA1O1
of the lamp and
h a non-abrasiv
ns tissue.

c) l.'ipe off compound with a new tissue.

d) Rinse
damp t
oils a
built

with
issue
nd an
up on

e) Reinstall lamp i
operation.

f) If performance is
replace the lamp.
Section 6.

:) iI.7 eV lamp

a) Clean by putting a
organic solvent on
gently.

n detector and check analyzer

still not satisfactory
See Section 5.3 and

freon or chlorinated
a tissue and rubbing

b) DO NOT CLEAN THIS
MISCIBLE SOLVENTS

LAMP WITH
(methanol

WATER OR AY
or acetone).

RATER

It will damage the lamp.

Ct
I

cleaned by
screws hold
retaining r
the screen.
methanol, can

c) DO NOT USE THE
9.5 and 10.2 e
on the l].7 eV

CLEANING
V lamps un
lamp.

on chamber for dust o
matter is
the outer 0

Carefully move the
soldered) and remove
b, dry or wetted with
any stubborn

can also be gently swirled in
degrees C for
id must be present at
performance. Do not

cleaning compound

the
nces

d. Reassemble the probe and check analyzer operation.

e. If performance is still not satisfactory replace the
lamp. See Section 5.3.

a) First clean by rubbing gently with lens
tissue dipped in a •detergent solution.

b) If this does not
amount of HNU cle
directly onto the
evenly over surfa
(e.g. Kim—Wipe) o

a small
534)
spread

e tissue

warm water (about 80 degrees F) or
to remove all traces of grit or

y static charge that may have
the lens. Dry with new tissue.

c. Then inspe
deposits.

the i
such
oving

f

rem
ing
ing

A

COPOUD used for
der any circumsta

r particulate
present, the chamber can be
Tefi n ring, and the four

the retaining ring.
aside (NOTE: this is
tissue or cotton swa
be used to clean off

deposits. The assembly
methanol
approxima
reassembi
clean the

and
tely
I as
ion

dried gently
a half hour.
this would a
chamber with

a

f

cited above in pars. b.l)b).

t 50—60
No liqufect the
the RNU

I
PACE 5—2



5.3 LAMP REPLACEMENT
1.

To replace
lamp, install a

the .amp, disassemble the probe, remove the old
new one of the same eV rating and reassemble.

WARNING

crange lamps of different
n a probe. Amplifier and

Set the SPA pot
Ut assembly case
ol potentloneter
gure 6—1. ecal
tiorneter. F.8,

spec.fied ppm reading,

to 9.8 for the 10.2
(see Section 5.6).
R48, on the power

.brate the analyzer
ith a small screwdr

leaving the SPAN

the

supply board as shown
adjusting this
iver to ootain the
pot set a: 9.E.

Use great
with the r
due to the

care when
eadout as
presence

operating the
sembly outside
of 1200 V DC.

analyzer
its case

When calibration is accomplished, turn
replace the readout assembly in its case.

the analyzer OFF and

Adjustment of
lamp is installed.
accomplished using

R48 potentiometer I
At all other times
the SPAN control po

If calibration cannot be achieved, see Section 6,

Troubleshooting.

PACE 5—3

Turn
panel
disas
1200

the f
to t

serobi
V DC

unction
he OFF p
y. Othe
will be

switch on the control
osition before
rwise, high voltage of
present.

CAUTION

eVDo not
rating
c•otnp on

ex
S

ent
lamp. A pr
operate properly.

s are selected
obe with the

for a specific
wrong lamp wil

reado
contr
on Fi

po ten

e V

1 not

eV lamp.
Locate t

Remove
he gain

Shee
readings.

For the 9. and 1.7 eV lamps see the Application Data
t or calibrations memo for the proper span pot sett:rigs and

WA RNINC

•s used only
adjustment
tentiometer.

when a
is

new



SECTION 5 cont.

5.4 LAIP SIZE CHANGE

If different applications for the analyzer would require
different size lamps, separate probes, each with its own eV
lamp, must be used. A single readout assembly will serve for
any of the probes. A change in probe will require resetting of
the zero control and the span pot. Calibration should be
checked to verify proper operation.

—

5.5 PROBE DISASSE1BLY/ASSEMBLY

WhRNING

Turn the function switch on the control
panel to the off position before
d.sassenbl. Otherwise high voltage of 1200
V DC 'ill be present.

PAGE 5—4
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SECTION 5.5, PROBE DISASSEMELY/ASSENBLY cont.

Disconnect
assembly. Disa
screw at the ba
Figure 5—I). C
in the other,
housing from t

gently pu
he shell.

obe
the

he

or at the
St removin
to the ha

hand and t
the

readout
g the exhaust
ndle (see
he probe shell

Hold the lamp
Loosen the screws
cap and ion chamb

housing with
on the top
er from the

separate the end
ousing.

does rot
light sou

housing.

Turn the end cap over in the hand. Tap
The ion chamber should fall out of the end c

lightly on the top.
ap into the hand.

Place one hand
slightly. The ligh

over th
t sourc

e top of t
e 'i11 slid

he lamp housing and tilt
e out of the housing.

Place the end cap on top of the
two screws. Tighten the screws only

ion chamber and replace the
enough to seal the 0—ring.
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the
S sem
se 0
rasp

pr
ble
ft
th

cable connect
probe by fir

probe adjacent
e end cap in one
11 to separate end cap and the lamp

the black end cap upright.
of the end cap,
lamp and lamp h

CAUTION

Care must be taken so that
fall out of the e
rze does not fall

the ion
nd cap o

out of

chamber
r the
the lamp

The amplifier board can
housing assembly (see Figure
connector. JI, and then remo
anpifier board il. then si

be removed from the lamp source
5—2) by unsnapp

ving the retaini
ide out of the h

P ea ssen, b I
the lamp housi
rous:r., makin
The :on chambe

irig the coax.al
ng scre'-'. The
ousing assembly

If the
identical t.C mm; lar
materials o

e the probe by first sliding the lamp back into
ng. Place the ion chamber on top of the lamp
g sure that the contacts are properly aligned.
r fits only one way.

ion chamber is to be replaced always use one
o the one being removed. Check the aperture (smalI:
Se: 6.0 mm) at the top of the ion chamber and
f construction (gold—plated or Teflon) to ensure

proper replacement. See Parts List, Section 7.
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SECTION 5.5, PROBE DISASSEMBLY/ASSEMBLY cont.

CA UT 10 :

Do not over—tighten these

iL i::1'

screws.

V

housing with the
housing assembly

(pogo contacts)
pins inside the probe
into the probe shell.

the lamp
slide the

The end cap should meet the probe
assembly. f not, the ion chamber may

CAUTiON

shell evenly
be installed

after final
wrong.

DO ;OT FORCE
: ZitS only

the
one

ensure pogo C
screw at the

remove arid check
ts are not bent.
of the probe.

Align the 12 pin p
reconnect with a tw

re the hi
lamp S
sic ion

robe connect
isting motic

gh voltage mi
hould light i
except STANDBY.

5. READDT DISASSEBLY/ASSE:BLy

AR N INC
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Line up the pins on the
shell

base of
. Gently

alignment
Ref asten

assembly into the shell.
way.

If it does not reassetible rea
Check to

the exhaust

and
Check to ensu

dily
ontac
base

deDressed. The
turned to any po

pin

or to the
n until a
croswitc h
f the fun

readout
click 0
is prop

ction s'.

assenby
cc urs.
e r 1•
itch .s

Disco
jacks and
the botton
remove the

Turn the function switch on the control
panel to the OFF position before
disassembly. Otherwise, high voltage of
1200 V DC will be present.

nnect the probe cable connection. Remove recorder
cable or the plastic plug cap. Loosen the screw on
of the case and, holding the instrument by the bezel.
case (see Figure 5—3).

a. The control assembly consisting of
Board (PCB) and control panel can
readout assembly by the following

the Printed
be separated
steps:

Circuit
from the
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SECTION 3.6, READOUT DISASSEMBLY/ASSEMBLY cant.

1) Separate the Mo].x connectors in the cables to the
control assembly.

2) Remove the two attachment nuts at the base of the
assembly.

3) Remove the two screws at the top of the power supply
board holding it to the assembly brackets.

4) Compress the brackets and slide the assembly thru
the bezel. Remove a third screw at the lower
corner of the board, if necessary.

b. The optional alarn assembly can be separated as follows

1) Disconnect the cable (P6/i6 of Figure 4—5)

2) Remove the two screws holding the alarm assembly to
the battery bracket

Reassembly is accomplished by reversing the above procedure.

NOTE: Be sure the function switch on the control panel is
.n the OFF position before inserting the control
nodule into the case. If not, the fuse can be blown
or damage can result.
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SECTION 6

TROUBLESHOOTING

—6.1 INTRODUCTION

The initial step of any troubleshooting is a thorough
visual inspection to look for possible loose or open
Connections, shorts, dust or other obvious conditions.

Detailed troubleshooting for fault location and correction
is accomplished by steps outlined in the following:

Troubleshooting Data Table 6—1
Pad Data, Power Supply PCB Table 6—2
Pad Location. Power Supply PCB Figure 6—1
Pin Data, Amplifier PCB, P21J2 Table 6—3
Pin Data, Probe Cable, P31J3 Table 6—Li

Pin Data, Alarm Cable, P6/Jo Table 6—5

Disasseb1v and reassembly as may be required for checking
the equipment or replacing parts are described in Chapter 6.

% A R N IN G

Turn the function switch on the control
panel to the OFF position before
disassembly. Otherwise high voltage of 1:00
V DC will be present.

WARNING

Do nor observe the light source closer than
6 inches with unprotected eyes. When
necessary, observe only briefly. Continued
exposure to ultraviolet energy generated by
the light source can be harmful to eyesight.

WARN I NC

Use great care when operating the analyzer
with the readout assembly outside its case
due to the presence of 1200 V DC.

If. after following the steps cited in this section, the
analyzer is not functioning properly, contact the HNU Service
Dept. for assistance. (Phone: (617) 964—6690).

PACE 6—1 —



TAbLE. b—i

TROUBLESHOOTING DATA

Symptom Probable Cause Corrective Action

1. Meter indicates a. Blown fuse 1) Check fuse. If blown, chec
low battery (Fuse Fl, 2A, for evidence of shorts in

5—3) wiring, then replace fuse.

b. Sad connections 1) Check wiring connec-
tions. Resolder poor or
bad connections.

c. Eroken meter 1) Tip instrument rapidly
novetnent from side to side. Meter -

needle should move freely,
and return to zero. If
faulty, replace with new
meter.

d. Eatter dead 1) Disconnect batteri and
check with volt—ohmmeter.
Replace if dead.

e. Eatterv charge low 1) Recharge battery, check
meter with function switch
in BATT position to ensure
the charger is operating
properly (see Table 2—1,
BATT)

. Low battery a. Power supply 1) Check power supply
defective voltages (see Table 6—2

and Figure 6—1). If iT,
error, replace power
supply asseblv.

2.. UV ar.p no: O a. High Voltage 1) Check by applying pressure
interlock (Micro— to switch plunger tith
sritch S2) at probe cable in place. Adjust th
cable connector on screw on side of cable
readout assembly connector, if required,
not operating to increase throw of

switch plunger.

b. High voltage 1) Check high voltage output
supply out or on power supply board (pad
faulty 22). If voltage not

correct, (see Table 6—2)
replace power supply
board.

PAGE 6—2



ABLE 6—1 cont.

c. Lamp not raking 1) Remove lamp, clean and
proper connection tighten contacts,
with high voltage reinstall lamp.
contacts.

d. Lanp faulty 1) Replace lamp.

e. Short in high 1) Check wiring from power
voltage lines supply board to probe

cable connector (J3 pin D)
to UV lamp contacts (Dl).
Remove any shorts.

L.• Fan not running a. Fan stuck 1) Djsassenble probe and
clean passages and fan by
blowing out dust. To
remove larger particles
use cotton swab, Q—tip or
equal. Use care to not
daIia2e :rpellor rotor or
blades. For disassembly
see Secton 5.f

5. Fan connections 1) Check for wiring
faulty connect:ons at fan notor

and at probe cable
connector (J3 pins A and
C). Feair as required.

c. .ow or dead 1) Check battery output
battery (power supply board,

pad ). ecarge or

replace battery as
required

d. Fan voltage not 1) Check fan voltage (power
correct supply board pads 19 and

probe cable p.ns A and
C). if not correct,
replace power supply
board.

- 2) If fan voltages correct
replace fan.

5. Meter does not a. Dirty or open 1) Clean and tighten or
respond probe connection resolder connections in

pro be.

b. Broken meter 1) See 1—c—i above.

c. Dirty or open 1) Clean and tighten
connections to meter connections at meter.

d. Low or dead battery 1) See 4—c—i above.

e. Blown fuse 1) See 1—a—I above.

PACE 6-3



'.r_ O—. cont. i

6. Meter does not a. Broken meter 1) See 1—c—i above.
return to zero movement
in STANDBY

b. Dirty or open 1) See 5—c—i above.
connections to meter —

c. Dirty or open I) See 5—a—i above.
connections in probe

d. Zero adjust faulty 1) Rotate zero adjust pot
(see Fig. 2—1) (R50, Fig.
4.6). Check pot output a—
meter probe connector (33
pins B and L). If volta
does not vary, replace
zero adjust pot.

e. Amplifier faulty 1) Rotate zero adjust pot.
Check amplifier output
at probe connector (.33 pin
H) or observe meter. If
voltage level on meter
does not respond, replace
amplifier board

f. Ion chamber shorted 1) Clean ion chamber.
(see Section 5.2). Reche'-
for return to zero n
S TA N D BY.

2) Replace ion chamber.

eter readings, a. Incorrect 1) Fecali'cra:e (see Secton
high or low calibration 3).

b. Lanp dirty 1) Clean iarp (see £eczon5.)
c. Contamination in 1) Clean ion chamber.

ion chamber. (see Section 5.2)

d. Power supply board 1) Check power supply board
faulty outputs (pads 17, 20 and

22 (Table 6—2). If volta
not correct, replace
paver supply board.

e. Ditty or loose 1) Clean or tighten
connections connections at amplifier

board, probe cable, and
meter -
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TABLE 6—1 cont.
V.

8. Meter erratic,,
unstable or
non—repeatable

a. Loose cable
connection

1) Check cable connection
at control panel. Observe
meter. Tighten cable as
required.

b. Dirty or loose
meter connections

c. Contamination
ion chamber

in

d. Power supply board
faulty

meter connections.
and tighten as

1) Clean ion chamber.
(see Section 5.2).

1) See 7—d—I above.

e. Unstable or noisy
lamp

1) Observe lamp.
see VARNING j

6.1). If ope
steady, repla

1) Unstable neter
is common with
switch in most
position. Tur
less sensitive
if desrable.

1) Replace fan.

(Important—
n Section
ration not
ce lamp.

operation
function
sensitive

n switch to
position

sen s t v t y

I) Clean ion cnanber,
(see Eecton s.).

PAGE 6—5

1) Check
Clean
required

1. Function switch in
high gain, most
sensitive position

g. Fan not operating
properly

h. Gas flow slow or
stopped

i. Meter co
d i r t y or

Driftir.
a ppa r er

nete or
no is: r e

ntacts
loose

1) See c—a—! above.

) Clean and tighten
contacts.

a. Ion chanber
cor.tarninated



NOTES: 1. For Pad location, see Figure 6-1.

2. Differential potential
pads 19 and 21 viii be

for fan motor between
between 2.6 and 3.6 V DC.

PACE 6—6
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Pad
No.

1

4-

3

5

6

10
11
12

16
17

19

20

—ç

-o

:1
32
I-I

V.

'I

ABLE 6- ::ft

PAD DATA, POWER SUPPLY PCB

Signal Voltage
Name (V DC)

Battery positive (+) 0
Ground 0

Battery charger (+) 0
Low Battery Indicator
Low Battery Indicator
Hi—Volt Relay Disconnect —12
Battery Charger (—) —11 tO —15

Battery Negat..ve (—) —1.1 to —iS

Battery Negat.ve (—) —11 to —15
H—volt Relay Disconnect 0 or —12
Ap1ifier Signal 0 to —5
Signal divider for span control

I, II 0 ft VP I.

I, I, It VI ft

Ion Chamber acce1erat.ng voltage +180
Zero adjust voltage power +18 to +21
Fan Motor —10.6 V nonlnal

(see :OTE 2)
Amplifier Poker —.5 to —10.5
'an iotor —1'.5 norna1

(see Secton '..S)
UV Lacp up to —103

(see Sector L.a)
Output Signal to Meter 0 to —5
Battery Check Voltage —1] to —
Not Used
Signal Feedback 0 to —s
Ground 0
Ground 0

Not Used
Ground
Ground 0

Alarm set power +10
Alarm set power +7

Pr I,
II IV

I,
I'

'V

PP



I
S

—

PAD 22

.:it, ht1F t::

—

—

e
TEPV VC.JAGE

— TO —' V

PADS 2 3 2 LOWSIDE
FN MOTOR
26 TO 36 V

UVLAMPVOLTAGE
-300 V WITH PROBE

CONNECTED
-2O0 V WITH PROBE

DISCONNECTED

PAD 17
ION CHAMBER
ACCELERATING

VOLTAGE
—60TO—I81 \'

PAD I
ZERO A0JL5 O:1E

—E TO

PAD 2C
AMPLIIE E
—T'—"''

FIGURE &-1
PAO LOCATION, POWER SUPPLY PCB Page

GAIN CONTOL -e



TABLE 6—3

PIN DATA, AMPLIFIER PCB. P2/J2

Pin Signal Name Voltage (V DC)

A Cround 0

B Span Conirol Setting varying

C Zero Adjust varying

D Amplifier Power —9.5 to —10.5

Amplifier Signal 0 to —5.0

F Zero Adjust Voltage +18 to +21

Zero Adjust Voltage varying
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TABLE 6—4

PIN DATA, PROBE CABLE, P3/fl

— Pin # Signal Name Voltage (V DC)

— A Fan Motor —14. nominal
(see NOTE)

B Zero Adjust varying

C Fan Motor —10.6 nominal
(see NOTE)

D L1V Lamp up to —1200
(see Section L.S)

Amplifier Signal 0 to —.0

F Ground 0

H Span Control Setting varying
.3 Ground 0

Zero adjust Voltage +i to '#I

Zero Adjust varying

Ion Chamoer accelerating +1E0
01: age

N Amplifier Power —9.5 to —1C.

:CT:: ifferent:al potenz:al for fan otor beteen acs
and 1 w.ll be between 2.6 and .6 V DC.
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A
TABLE —5

PIN DATA, ALAR:1 CABLE P/J6

Signal Name Voltage (V DC)

1 Alarm set pot, high end +5.1

2 Alarm set power +7

3 Alarm power 0 or —11 to -.15
—

Alarm set +0.02 to +5.1

5 Alarm board power +10

ATpbJier power —9.5 to —10.5

A1ari set pot, low end

S Ground 0

Aplfer signal 0 to —5.0
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7.1 INTRODUCTION

This sectio
the Photojonizat
When ordering pa
part number. Re
Inc. Obtain a R
Service Department.

SECTION 7

PARTS LISTS

PACE 7—1-

n lists and shows the location parts
ion
rts.

Analyzer
specify

subject to repair
model and serial

and replacement.
numbers as well as

turn all defective warranty parts to Systems



REPLACEMENT PARTS LIST

MODEL P1—101
(See Fig. 7—1)

1 2 3 4 5 6 7 8 9 10 11 12

Refer to Fig. No. Assembly

79—AA1001 1

79—PA 10010

13—67—06.3—11.—lIP

79—AB100187A1

Probe extension

"0" ring kit

12 pin connector

Probe cable w/connector
($5/ft. over 3')

..::1
TABLE 7—1

Part No.

c
I

13 16 15 16 17

1

79—AC100004 2

5—DA10O0.9 . 3

79—AC1001O7 4

E0—101—0°5 S

E0— 101—102

80—101—117

80—101—111

9—ABI0008 6

79—AB100069 7

79—AC10O00AI 8

7c—AC:0000SA2

9—ACI0000SA2

79—AC 100005A4

54— 100053

Probe Handle

Probe Shell Assembly

Exhaust Screw

Fan/Light Source Assembly

5 eV Replacement Lamp

10.2 e'.' Replacement Lamp

11.7 eV Replacement Lamp

10.2 eV Selected Lamp
(Specify Appi.)

fan exhaust assembly

amplifier board

ion chamber assembly, sm.
apercure (3.fl rr)

ion charnber asseriblv, sr.
aperture gold

ion chanber asserb1v,
aperture (6.0 mm)

ion chamber assenblv,
aperture gold

End cap for probe

End cap screw

'S.

9

10

11

12

16

17

, 13, 14, 15
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TABLE 7—2

REPLACEMENT PARTS LIST

MODEL P1—101
(See Fig. 7—2)

1 2.3 5 6 7 8 9 10 11

Part No. Refer to Fig. No. Assembly

25—68O—..32 I Front Meter Glass

2

'.5—DA101316 3 Pot (span)

45—DA1C0D29 Pot (zero)

'9—AC1CQE2 Power Supply Board

1E-.MDL: fuses, box of 12

— 9—AA1CO011 7 Battery

10

ii Grayhill s.ich

PAGE 7—3



TAELE 7—3 ; ::
REPLACEMENT PARTS LIST

MODEL P1101
(see Fig. 73)12345

Part No. Refer to Fig. No. Assembly

DB1000I7—l I Strap, neck

DBI0001S—1 Strap, waist

AC10O0I—A 3 Charger, battery 15.0
—

VDC, 120 V AC, I pH
input

DC10D0.L-1 Case, cover

DB10005O Case, readout assembl

1

PACE 7I



101—301

Description

)t

Portable Recorder
Has a 2" chart width with
speed. Operates on 12 v
ana1yer. Complete with
interface cable for batte
and mounting bracket for
to side of analyzer.

Chart Paper
For portable recorder, 6 rolls.

.M.ul ticond

For recor
recorder
101—300 a

ucto
der
to a
bove)

Ca ble
eads
Intl u

101—500

Gas Cylinder
liters of span gas
fficient for 4C1—0
by 12" high).

Regulator
For use bn.th calibrat:on
10I—30. complete with
both cylinder pressure

Cleaning Compound
For removing deposits
10. eW lamp (not the

PAGE 7—5

in air
ca ii brat ions

Model
readi r.c

from window of or
1l. eV lamp.)

PARTS LIST
ACCESSORIES

(No figure is provided for this list.)

LE 7—4

— Part No.

— 101—300

—
AEIOO27E

2"fhour chart
DC power from
multiconducto
ry power and
attaching rec

r

signal
order

r Interface
contains i

nalvzer.

101—350 Calibration
Contains 3
(300 psi) su
(4" diameter

101—351

for connecting
ded in part

c vi in d e r

gauges for
and flow.

—
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FIGURE 7•1
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FIGURE 7•2
PARTS LOCATION. READOUT ASSEMBLY
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SECTIo:

A?? E : DI

This section contains the follo:ing dditiona1 infor.ation
pertinent to the 91 11 Analzer.

Section Subject

8.1 Static Calibration

Ca1.ibretion Checking pith Isobutylene

Cljhration -:ith Alternate Gas

Lnc1it.ratod Cer3t:c..

:cr.ization Tables

'arantv

1ications List

— r .rA. .—1



SECTION E cant.

.i ST/.TIC CALIEflATIOc

[

a. Select an
liter Teflon
hydrocarbon—
The container and
interaction with t

fittings should
he as to be used.

lume, e.g., a 4
g with
hree or

for accurate results.

C. .ll a s•a11,
(e.g., 1 cc)
container.

1 iS 3 1
(e.:.

of te 1

t:p to

a t e r ia

syr n g e
V ol u n e

v r 1 e
residue drolets.
necessary, but if on

throughout or delive

syringe
gas and

lculz.tion
temperatu
is used.
containe

the conta
ri the svr

used, it
rors are

( lass/Tef1on)
irect into the
s. If the desired
re, a smaller

inect a hnown
r. Touch the
iner to remove any
:ne :5 not

1. Connect the orobe inlet to the container making sure
there are
CAUTION:

no leaks.
Won: in a hood if hazardous gases are used.

fle very careful to
Explosive Limits f
nondestructive ana
calibrating with t

note
or pe
lyzer
oxic

—

hAR!. I :G

the Lower
])1 is a
hood when

PAGt—2

A techniqu
it is desired t
rather than an

e kno'..'n as

o calibrat
available

static calibration
e ;•:ith a particular
standard. The proc

is very
special

edure is

useful
mixture

when

inert container of knot'n vo
bag, and clean by fillin
free air and exhausting c

have minimal

samples
tines t
conta in
this ba

four times.

h. Fill the container :ith hydrocarbon—free air between
and

o de
er.
ckground

test titn the analyzer. Pepeat several
termine the background level in the
Correct instrument response by subtracting

inert gas—tight
the desiredi t h

See the
icuid
I ul
iquidthe i

samp
a

or
I

ns

le ca
t room
10 ul)

nto the
i!e of

needle o

e is
rv er

dl. ':l
s to
Far
Ccl

act

should be used
poss : b i e.

1 the conta
pper the co
ilton ':odc!
:bra:ec ilo
S cal:brc::
uracy used

:jth a knon
:ner. A large
flC (l. liter

1.rer
nta

C.
:re te
or. ne
to tie

vol ur'e
$ r ring

s) is r
rs ray also be used
thod is directly do
asure the species involvec.

cf clean air and
e, suc as the
eco:cnded

The accuracy of
cndent on the

e. Yc:: several:çc :z ev
container be
cop1ete1y e
not be seen
necessary to

3 porat
fare
vaor
in the

es unt
ed and
roceed.

ate, the

1 the
nixec
ng.

gas is el1
Chech for

f the iicu:
as phase.

r:xed or the
icuid the
coes no:

correct concer.trct:or.s rill
ensure complete evaporation.

Varming the bag nay be

the toxic levels and
rsonal safety. The P1
and must be used in a
or hazardous naterials.



SECTI0 2.1, STATIC CALIRATI0N cont.

.,, Lii

the gas i.

radients wit
uriiforn r.eter

in the
read:ngs

to ensure that
concentration

1. Pecord the readin
should be stable for
is 100 to OC cc/in
effect thc°reacin:s.

after about 10 seconds.
up to 2 r.inutes since
Large fluctuations

The readin
the flow rate

in flot: could

S 2. Adjust the

reading at
used

S?.\ control to
a concentration

set the analyzer to be direct
level near the range to be

AF'V •rnu .l.#

g. Allow the analyzer to.satnple fron the container.
Conpression of the container by hand may be necessary
since the analyzer will not sple across a pressure
drop. The analyzer flow is about 100 — 200 cc/mm and
snail changes will not effect the reading. However, thc
flow should be constant.

h. Observe the readings during cal
s well ni,ed and there

h container.
ibrat
are
Thi

ion
no
S wil1 be evident by

L. Freare or different concentrations of the
calibration gas and plot the instrunlent. readings versus
concentration in ppn (v/v) to obtain a calibration
curve. Clean the container between each point. For
sflot checkng the calibration, two levels close to the
reasure concer.tr2tion which agree to 'ithin rc
acceptable. Concentrations lower than C0 ppr of a ;:s
can be precared t. diluting a 100 or 200 ppn level
clean air. !!owevor, do not dilute a rixtere by orc
th3n a factor of 0. A bias in the calibration curvc
could indicate reperation/container effects, such as

on the .:alls of the container at higt. ic'Es
resultin. :n loper recdings. At low levols, the
copound av diffuse out or evaporate off the walls
resulting in higher re3dings. Gentle heating should
a 11 e v iate this condition.



GAS SAtPL!G flAG

Rne: 20 ppm to 1 percent (see NOTE 1)

Sample Calculations:

Sample: Assume 0.15 ni
bride, is injected into
doczrbon—free air by the

of a pure gas, e.g.,
the container with I
syringe. The conee

vinyl
.5 liters
ntration

:en is:

volune injected (1)
x

vessel volume (el)

0.15 1
iC

l5C rib

Licu saritle:
as tcluene
svrine fil
The coricen:raton then is:

vclie in3ected (nL) x density (/rl)
x molar volune (liters,'role)

rciecular '.'el2hr. (g!niole) x volume of air (liters)

• C1 1 , C.Y7 t'/nl x 21.0 liters/mole

c•: ;/riole x 1.5 liters
'i0 lfl 2P (see OT _)

Lar-er cas and
the uter port

liouid svrin;es arc neeced
ion of this range.

'AR I N G

Note the toxic levels and the Lower
Explosive Limits
P1 101 is a nonde
be used in a hood
toxic or hazardous

for perso
structive
when cali
etcrials.

• The
and must
ith

2. The molar volume of
atmosphere is 24.0.
for the actual cond
high as 2O might b
are made usin the

PAGE

20 oC and one
must be corrected
wise errors os
• Corrections
laws.

STATIC CALI:ATIo: CALCULATIONS

Precision: +1-. 10

Gaseous
ch
h y

of

Assune 1. nicroliters of a volat:le iiuid suth
is injected into the container and 1.3 liter
led with hydrocarbon—free air is 3dded.

nal safety
analyzer
bratirtg w

toluene
This v

itions,
e encoun
standard

at
a]ue
other
tered
gas



_ — ,, C'SECIO, cont.

a. Con
as

- C
con
Iso
are
concentration.

. value preO cc/nm.
: j
con tan:na:c
to not use
be1ot that
v a i u e
Safely dscaco r.ot ref:1 :it 5 2a.f.5t t

o the re
connection
ibration
e of isobu

disposable cv
C Y ii n e r

u1tor and cylinder
) of tubing as shown
as in the cylir.der
tvlene and zero air.
fe to use in confined
posure levels at any

'ith
in

the flow rate of cas
This i11 be about

at the
ta Scet
I r d e r

c. if the
n a I y z

read:n is the
er cal:bration
st is still correct.

data, the
ies of

d. If the reading has changed, adiust
until the reading is the same.

e. Shut oil the cylinder as soon as t
established.

the SPAN setting

he reading is

f. P.ecord
recalib
soon as

and
rate
possible.

new SPAR setting.
on the species of

Then
interest as

g. 'Yhenever
i!lneaiat

reading
checking

the
clv
reco
in
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ibration
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factory
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readir.
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the analyzer is fi
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e anal"zer calibrati
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checked by
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Then a
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n setting using
ion report.
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b ut '. 1cr. e

a

a n a 1 .' ze r
cc (butt

The cal
z. ni:tuf
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:s nonzoic and sa
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The regulator sets and controls
set at the factory.

that
r cubing will effect the

the tubing be clean since

at

.e cylinder below about
evel can deviate up to I

cali bra
3 p:
C fror

t he
:• i s
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tion
as
the
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SECTION 8 cont.

— 8.3 CALIBRATION 'ITH ALTERNATE GAS

If a calibration
measured is not
an alternate c
as accurate as
is case, the exp

compensated
operation,
being neasured.

standard
available

a ii brat ion

calibrati
ected rea

with the same trace
or is hazardous, it
gas. (Note : This
on with the species
ding for calibration
between the two gases
give a direct reading

gas as that
is possible

technique may
of interest.)
must be
• In
of the gas

This calibration
(PS Photojonjzation

is illustrated in
Sensitivity. See

the following examples:
Table 8—14)

a. Given a case in which:

1) The trace
(PS — 5.0)

2) The calibration
(PS 7.0) at a

What is the ppm read
g].ve a direct reading
Chiorice?

The required reading for calibration will be:

PS( Isob)
— sobutylene ppm x

7.0

PS(Vin Chior)

100 x
5.0

1Z.D ppn

using a calib
he SPAN contro
rument wj].]. t

ration gas with
1 so the meter r
hen give a direc

100 ppm of
eads IhO ppm.
t reading of

b. Civen a case in which:

1) The trac,e gas to be measured is Benzene (PS — 10.0)

2) The calibration
(PS —7.0) at a

gas to be used is Isobutylene
level of 100 ppm

be when calibrating to
measuring Benzene.

to be
to use
not be
In th— for the difference

the meter will then

gas to be measured is Vinyl Chloride

gas to be used is Isobutylene
100 ppm level

ing to be when calibratiflg to
when measuring Vinyl

In this example,
Isobutylene, adjust t
In operation, the inst
the ppm of Vinyl Chloride.

3) What is the ppm reading to
give a direct reading when

PAGE 8—7



SECTION 8.3, CALIBRATION WITH ALTERNATE. GAS cont.

The required reading for calibration rill be:

PS(Isob)
— Isobutylene ppm x

PS(Benzene)

7.0
— 100 x

10.0

- 70.0 ppm

In this example. us.ng a calibration gas with 100 ppm of
!sobutylene. adjust the SPAN control so the meter reads 70 ppm.
In operation, the instrument will then give a direct reading of
the ppm of Benzene.

c. Given a case in which:

1) The trace gas to be ineasured is H2S (PS 2.8)

) The level of H2S for whh it is to be calibrated
is 60 ppm.

2) The calibration gas available is Isobutylene
(PS 7.0)

I.) ppm level of Isobutylene is required to permit
direct reading of H25, cal..brating at its 60 ppm
level.

The required Isobutylene level for calibrat.on will be:

PS (H2S)
= h'25 ppm x

PS(Isob)

— 60 x
7.0

= 24.0 ppm

In this example, using a calibration gas with 24.0 ppm of
Isobutylene, adjust the SPAN control so the meter reads 60 ppm.
In operation, the instrument will then give a direct reading of
the ppm of N25.

Care is to be taken when working with flammable gas samples
to stay below the Lower Explosive Limit (tEL) and with hazardous
or toxic gases to stay below the Threshold Limit Value (TLV)
safe working level.

If difficulties are encountered in calibration, the user
should consult the local HNU representative.

PAGE 8—8



SECTION 8 canta

8.4 UNCALIBRATED OPERATION

PS (Cal gas)
Actual ppm ppm reading x

in which

is the
Table
ities
might

owing

photoionization Sen
E—14 gives a list of
of a number of sped

be used. Use of th
examples

PS (Trace gas)

sitiv,ty of
the relati

fic gases w
is method a

a. Instrument calj.brated
and measuring Acetone

Actual ppm = ppm reading x

ppm reading x 1.6

b. Instrument calibrated for Vinyl
(PS 5.0) and measuring Carbon

— ppm reading x 0.7
These values are valid only for

lamp. Dfferent sensitivities occur
PAGE 8—9

Chloride
Disulfide (PS

an analyzer with a 10.2 eV
with 9.5 and 11.7 V lamps.

operation
on for the
ecessary t
brated and
de to the
method is
t shows pe
by an inst

of the analyzer is accomplished by its
gas to be measured. In cases where it
a operate with a gas for which it has not
recalibration is not possible, correction

meter reading.

Best
calibratj
becomes n
been cali
can be ma

One
chart. I
measured
benzene.
sensit
correc
benzen
if the
then t

A

correc

by use
r forma
rumen t

This illustrates

of a
nce C
with
the

T ese
ng if
one

chart.
urves
a 10
e fe
c rv
h

hivities of gases.
ting a meter readi
e and is measuring
gas being measured

he actual concentra
second method is t

:on factor

f
ute

of th
is Propytion is a

a multipi

for

Figure 8—2 is such a
for various gases being

.2 eV lamp and calibrated
ct of the different
es can be used directly

instrument is calibrated
e gases shown. For examp
lene and the reading is 8
bout 20 ppm.
y the meter reading by a

as follows:

for
for
le,

ppm.

gases
sensi
analy
the f

PS

tiv
zer
oil

each of the two
ye photoi onization
ith which the
s illustrated by

for Benzene
(PS 6.3)

10.0

(PS = 10.0)

— Actual ppm = ppm reading x
7.1

7.1)
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SECTION 8 cont.

8.5 Ionization Tables

Ionization potent
compounds are given in
sensitivities and appr
eV, and 9.5 eV lamps a
respectively.

$ for various atoms, molecules, and
bles 8—1 thru 8—13. Ionization
mate span settings for 10.2 eV.
given in Tables 8—14, 8—15, and

ial
Ta
oxi
re

1]. .7
8—16
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TABLE 8.1 TABLE 8.2

SOME ATOMS AND SIMPLE MOLECULES PARAFFINS AND CYCLOPARAFFINS

IP(eV) IPoV) Molecule lPeV)

H 13595 12 9.28 melflane 12.98

C 11.264 HF 15.77 ernane 11.65

N 1454 MCI 12.74 propane 11.07

0 13614 M8r 11.62 flDutane 10.63

s. 6 149 4i -buIale 10.57

S 10 357 SO2 12.34 npenane 10.35

V 17 '2 CO2 13.79 -pentane 10.32

1301 COS I 118 2. 2-dimernylpropane 10.35

11 84 Cs2 1008 n-nexane 10.18

I 1048 N20 12.90 2-methyløerilane 10.12

15 426 NO2 9 78 3-mernylpenlane 10.08

N-, 15560 03 12.80 2. 2-Cimetflyltutane 10.06

02 12 05 H20 12.59 2. 3•Imerny1Dutane 10.02

CO ¶4 Cl H25 1046 n.neOxar,e 10.08

CN 15 3 H2Se 988 2,2.4.trmel?,yloerllane 9.66

NO 9 25 H2TC 9 14 cycIoropane 10.06

11 I HCN 13.91 cycloDenlane 10.53

18 C2N2 13.E cyctorleane 9.85

15 7 NH3 10 15 melnyICycloneane 9.55

C2 CP 9840

1C 55 CH4 12.98

PAGE E—1



TABLE 8.3 TABLE 8.3 (continued)

ALKYL HALIDES

Mol.I. IPed) Molecule IP(•V)

1-Id 12.74 1-bcomoorooane 10.16

Cl2 11 48 2-bromoo0ane 10.075

CH4 12.98 1.3-dibromorooane 10.07

mehyI chon 11,28 1-brornoDutane 10.13

dichlofomerna,* 1135 2.Dromobutane 9.98

tnchloromernare 11 42 I-bromo-2•metrlytproDane 10.09

TeracnIoromernane 1 47 2-brorno2-methyIropane 9.89

ethyl chlOride 1399 1-bromooernane 10.10

I ,2•thchtoroernrie 12 HI 10.38

1-chlo,oorone 10,82 2 926

2-chiorooroDane 10.78 rnelr,yl 'othOe 9.54

I .2-thChIororoOane 1087 ci000mernane 9.34

I.3-øcPlcroproDane 1085 cmv ioe 9.23

'-chIoroDutane 10 67 1 .lodooroDare 926

2-chiorobutane 1065 2-iocorpane 9 17

1 -chIoc2-memylorooane 10.66 ¶ -ocoulane 921

2.chroro.2-memyIorooane 1061 2-ocoutane 909

1-lBr 11 62 1.oc.2-me'nyIproparie 9 19

¶355 2-000.2metnvtDroDane 902

mny Orornice 'C52 919

Cbrotofnethare 10 4Q F2 157

troomomeIrtarle 1051 HF 1577

CH2BrCI 10.77 CFCI3 IFrCOII 111 Yl.77

CHBr2CI 10.59 CF2C;21 Freon 12) 12.31

ethyl brOmide 10.29 CF3CI (Freon 13) 12.91

1.1-dibromo,than, 10.19 CHC1F2(Freon22) 12.45

1.bvOmo.2—crllcioetharle 10.63 CFB3 10.57

FARE 8—14



TABLE 8.3 (contInued) TABLE 8.4

AUPHATIC ALCOHOL EThER, THIOL
AND SULFIDES

MOl.cul, IP eV) Mot.cus lP(V)

C2Br2 1107 2O 12.59

CH3CF2CI fGenerror, ,01) 11 95 methyl alcohol 10.85

CFCI2CF2CI 99 ethyt alcohol 10.48

CF3CC,3 F,eer 13 11 78 n-prOOyl alcohol 10.20

CFII9YCH2Sr 107$ DrODy1 alcohol 10.16

CF2B,CH2B, 1053 n-butylalcohol 10.04

— Olmethyl ether 10.00

"C7t 0J5 ietflyl ether 9.53

h.C3H2C 11.84 n-oroDyl ether 9.27

nC3;7ci2j 9 95 prODyl ether 9.20

H2S 10.46

metranetruol 9 44Q

ethanethOl 9255

1.OrocanetruoI 9.195

1utareth,ol 9 Id

me,nyt ulfOe 8685

ethyl methyl sutfiae 855

SuliCe 8430

.n•prQyl u(tOe 8 30

-ACE 8—1



TABLE 8.5 TABLE 8.6

AUPHATIC ALDEHYDES AND KETONES ALIPHATIC ACIDS AND ESTERS

Molcul. IP(.V1 MoI.cul IP(SV)

CO2 13.79 CO2 13.79

tormal.eI,yae 10.87 tonn.cacid 11.05

acetaldehyoe 0.21 acetàc acid 10.37

procionaldehyoe 9.96 PrODIOrUC acid 10.24 —

n-Duryatdehyoe 966 nbutync acid 10.16

iSObutyaideiyoe 9 74 ISODUtyTIC aCid 10.02

n-waIe?aloerlyae 9 82 ,i-vale,,c acid 10.12

isOvaIralehyOe 9 7 methyl lormate 10.815

acroleri 10 ethyl tormate 10.61

crotonaldeqiyae 9 73 flpr0pyl orma!e 10.54

benzauOehyOe 9 53 n-butyf ormate 10.50

acetone 969 IoDutyl lormate 1046

mC!hyl ethyl celone 9 53 methyl acetate 10.27

methyl '1-prooyJ ketonC 9.39 Cthyl acetate 10 11

methyl OrCyl kClOne 932 n•OrOOyl acetaTe 1004

CCIPyl helene 9.32 sooroyI acetaTe 9.99

methyl hutyI ketone 934 n•OoTyl acetate TOOl

metril ..DuIyi ietone 9.30 Sobutyl acetate 9 97

3 3•dmethyl bulanone 9 17 seCbutyl acetate 991

2Peotanone 933 methyl prOoohate tO 15

CyclDehtaaOne 926 ethyl prooate 1000

cyclohezaflone 9 t methyl n•bulyrate 1007

2. 3bulanedone 9 23 methyl isobutyrate 998

2. 4DentSnediOne 8.87

PAGE B—ic



II•P' Ir+ ii.4j.
TABLE 87 TABLE 8.8

ALIPHATIC AMINES AND AMDES OTHER ALIPHATIC MOLECULES WITH N ATOM

Mo.cue MoI•cute IP (sV)

NH3 1015 nulromethane 11.08

mernyl amine 897 10.88

ethyl amine 8.86 1-nitroDrooane 10.81

ri-prooyl amine 8.78 2-nitroprooane 10.71

i-proy1 amine 8.72

fl-bulyl amine 871 HCN 13.9t

.-butyl amine 8.70 acelOnitnie 12.22

S-butyl amine 870 propionutrule 11.84

!OUtyi amine 864 ri-Dutyronutrile 11 ST

cimethyl amine 8 24 acryionitriie 10.91

0Cthyi amine 8.01 3butenenutrie 1039

OiflDtODyI amine 7.84 ernyl riitrale 1 i.22

O'-..DrQOyi amine n0r00y1 niua!e

driOutyI amine 7.69 rnernyi thuocyanaTe 10065

irimeIrlyl amne 782 ethyl triocyarat 989

DieehyI amine 7.50 melflyi IsO!niocyanae 9.25

lr.-prO0yI amine 723 etrlyl isotniocyanale

lormamioe 1025

acetamice 9 77

N.metnvi acelamide 6 90

N N-omernyl tOrmamiac 5 12

N N.CmCTnyi a:etamoe SET

N N•cethyi tormamiae 889

N N•Oietriyl a:erarmce 8.50

FGE 8—17



TABLE 8.9 TABLE 8.10

OLEFINS, CYCLO-OLEFINS, SOME DERIVATIVES OF OLEFINS —

ACETYLENES

Molecule P (eV MoIecue IP .V)

etP.4ene tO 51 5 vinyl cPtlonde 9.995

proDyier,e 9 73 c;sthctloroethylene 9.65

I bulene 9 58 ansicrloroethytene 9.66

2-metny1roDene 9 3 ricrtlorOethyler* 9,45

tr1s.2.butene 9 tetranloroethylene 9.32

Cis2-Dutene 9 13 vnyl bromide 9.80

I 9 s: 1 .2ibromOetPytene 945

2etyii.buTerie 9 2 IribromoetyiCne 9.27

.metripl.buiene 3.cnIoroorone 10.34

3-me!nys.2.bulene 8 67
' 2.3aiclIoroproDene 9.82

1ezr,. 946 1-bromoorooene 9.30

3ruIao'ene 9 7 3.brooorone 9 7

soDrene 6845 CF3CtCClCF3 1036

CyCJellene ccl r.Ci1CF=CF2 1048

cycIoreiene 6945 aCrOIel 10 10

4-me yyorenee 59i crO!onaeae 973

d'cy.cyIoeene e meSdyi o3e 908

ycio'octatetraer%e 7 99 vifl mety erne 5 93

aeyIene 4' aIIt 3iooi 967

roCyne ¶ 3 acelale 5

1.biJtyr ICIE

PAGE —E
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TABLE 8,11 TABLE 8.12

KETEROCYCLIC MOLECULES AROMATIC COMPOUNDS

Mol.cule IP(eV) Molecule IP(eV)

ti.sran 889 benzene 9.245

2-mernyl lurari 8 39 oIuene 8.52

2-IuraIehyde 921 ernyl berlzene 8.76

Ierahyaroiuran 9 54 ri-OroDyl benzene 8.72

8 3. -QroyI benzene 6.69

leTraryoro3yran 9 2€ flutyI benzene 8.69

!ro0rlene 8 663 SbutyI DerZere 6.68

2'cr'Iororneoriene 5 5C !'DU!yI benzerle 865

?romoTn.oorlene S o-yIere 6.55

pyrrOle 6 20 m-yIene 8.56

Dyruarne 9 32 PXyIere 8445

2-pcou.ne 90? meSIyIee 840

3DCOhfle curene 8025

4Dcohne 9 0 sryrere 547

2 3Iutuc,ne S r.-mernyl styrene 635

2 4tut,dne 9 ES etflynyibefl:ene 8 8t5

2 utcne 6 E naDnaIene 8 12

1-metnyflao!raiene 769

2-me'yInaOthaere 7 955

6 27

onenol 853

anuspie 8.22

pfenetoIe 8 3

benzaIde?ye 9.53

acetophenone 9.27

benzenethiol 8.33

Dl'leryt isocyanale 8.77

FAGE B—ia



TABLE 8.12 (continued) TABLE 8.13

MISCELLANEOUS MOLECULES

Moi*Cu. MoItcuI. P(.V)

P?*yI 'Iornocysnse 8 520 ethysr1e o*,de 10.565

eronitrde 9 705 proyIene oioe 10.22

ntrooenzene 992 p,°une 9.13

and,re 7 70 10.00 —

ftuoro,enene 9 95 diefloxymernane 9.70

CflIOroDeflzene 9 07 1 1 -metfloxyeth3ne 9.65

romcenzef B 99 DrOpIOtltQfle 9.70

•oooenzene 8 73 mernyl disuIde 846

O'loroenze 9 7 erny dIsuUde 827

lCrIoronrene 9 1 2 thetPyI iut'le 968

Dthcr'iQDv1z,ne 894 rnsoiaCeic aco 1000

I 9 acelyl cIIorQe 11 02

Coro3tlJOroDenzere 921 aCelyl bromOe 0 5
'D0m4tIuo?oDenzene 899 iC61 1C3 10

ovoovoIuee B 915 lOSE

mIuoo1oiuene 8 915 IC

D'uO'OloWefle 8 795 C25,N 11 7

o-cnlorotoluene 8 83

8 93

cIoroIo.sene 5 70

ocromolotLene 5 79

m-oomoouerle 881

DDrOmotOIuefle 8 67

o.oGctob,ere 862

micdCIOuene 8.61

0•iOdotou•ne 850

b.n20*flftuonde 9.68

oftuoroahend 6.66

FQe C—2C'
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TABLE S—14

RELATIVE PHOTOIONIZATION SENSITIVITIES OF
VAflIOUS GASES TO A 10.2 eV LAMP

Span Control Setting
Phototonization for Direct reading

Gas Sensitivity (see Note 1) (approxiiate)

p—xvlene 11.4

—xv1ene 11.2

benene 10.0 (reference standard) '?.

toluene 10.0

ietvl su1fde 1D.C

diethyl are c.9

stvrene 9.7

tr:c1oroet-v1ene F.9

carbon disu1ie 7.1

asobutylene 7.0

ace.one

tetrahvdrofran

inethil ehv1 ketor.e 5.7

methyl isobucyl ketone 5.7

cyclohexanone 5.1

naptha (85Z aro1atics) 5.0

vinyl chloride 5.0 4.3

methyl isocyanate

iodine 4.5

rethyl mercaptan I3

- PAGE —21



TABLE —14 cent.

diethl sulfide 4.3

allyl alcohol 4.2

propylene 4.0

neral spirits 4.0

2, 3—dichloropropenc 4.0

cycloexene 2.4

crotonaldehvde 2.1

acroleir.

thl ethcrv1te
p yr i d i r e

hvdroe sulfide
eth1ene dibro.de .7

n—oC tane

acc.tidehyde oxie 2

hexane

phosph.ne 2.0

neptanc

ailvi chlcri:..e 1.5

(—cloropropene)

ethylene 1.0

isopropanol 1.0 0.1

ethylene oxide 1.0

acet3.c anhydride 1.0

cipha pinene 0.7

dibrooch1oroprOpane 0.7

PAC —22



—

TJBLE 5-.14 cort.

epichlorohvdrir. 0.7

nitric oxide 0.6

beta pinene 0.E

citra1. 0.5

acuonia 0.3

acetic acid

flitroen dioxide 0.02

cthane

acecvlene C.0

1: r: rcain •ren rcasurr1g 1.C of
'art.cu1ar ;as ''ith roitor calibrated for
bcnzene.

PACE C—



TAL —15

fltLTIVE P:OTOIO':IZATIO: s::ITIVITIS o
VARIOUS GASES TO A 11.7 eV Ltd!?

SDaD Control
Photoionization Sensitivity Setting for

Direct
Gas (See Note 1) Rcading
(rox.) (Approx.)

Carbon isu15ide
eptne 22.1
'ene 13.?

1 I

.: Dicoroe:e
:e:ene

obut1ne i•' (rcferencc tc.)
clucne
::eth.1 C.1or:e
:e:'iene Choce
1i Tr:1oroe:hane
Carbon Tetrac1ore
: 1

C1orofor—
..• ctrac1ooethane

5.7
'rcpnc -

:!o2rco.c:
Acro1ci .

r

rzr-no1 3.C
etaTto I
I.:.: Tr.f1uoroet.anc
Acetonitrile

::OTE 1: ??t reading :hen r'.esuring 10.0 pp of
particular as with monitor calibrated for benzene.

r r :PAT.,.



TABLE —1

!'LATIVE P:OToIo::rzATIo ESITIVITIES

OF VATIOUS CASS TO A .5 eV LA:?

'hotoionization Sensitivity Span Control
Settin2 for

Direct - Direct
Gas (See Note 1) Reading
(Approx.,) (Aprox.)

'ylerie

:en:ene IT.- (Thfercr.ce Stc.)

To1uere

?hcro1 7.7

i 1 r

Pvr:de
.'cctore

::eth1 .et:cr.L3te
epta

— — r.

tro r

Pant ane

Corercial products containiri ipurities; response for pure
ratcria1s is probably less.

1: pp: reading when easurin 1O. ppi of
particular gas with monitor calibrated for

PACt



SECTION 8 cont.

8.7 ARRANTY

designate.

PAGE 8—26

HNU Systems, Incorpora to be free
under normal
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t

ted, warrants all items
d workmanship when used
s liability hereunder sh
placement of the articles
(1) year a

rce warrant
e breakage.
a), provided
ithin thirty

from defects in material an
operating conditions. HNU'
limited to the repair or re
to be defective w.thin one
(except that the light sou
months and does not ii'tclud
limited to three (3) month
shall give notice to HNU w
of such defecti 1 and provided
defective material be shipped prepaid to
reasonable time from the date of discove
during such warranty period. After the
HNU will ship the said item to Buyer, tr
prepaid, to any point in the United Sta

ascertained

we materia

f

d

y
t

ipment
three (3)

rranty is
the Buyer

er discovery

f er date o
y is limite
and batter

however
(30) days
further
the HN

ry of t
repair
arisport
tea that

sh
to

hat
aft
that
pla
de
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on
ye

—

U
he
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all
nt within a
fect and
placement.
charges
r may

THE ORECOING :5 THE SOLE EXTENT OF HNU'S ARRANTY AND NO OTHER
STATEMENTS OR WARRANTIES, EXPRESSED OR IMPLIED, SHALL BE
HONORED. UNDER NO CIRCUMSTANCES SHALL HNU BE SUBJECT TO ANY
LIABILITY POR SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES.
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SECTION 8 cant.

8.8 Publications on Photojonization Available from HNU Systems, Inc.

101—10 Industr.al Hygiene Monitoring With A Variable
Selectivity Photoionization Analyzer.
J.N. Driscoll and J.H. Becker,
American Laboratory, November 1979.

101—12 Instrumentation for "On Site" Survey and Identification
of Hazardous Waste.
J.N. Driscoll and G.F. Hewitt,
Industrial Hygiene News, May 1962

101—17 Instrument Calibration w.th Toxic and Haz'rdous
at.eria1s.
J.H. Becker, J.N. Driscoll, D. Renad, P. Tiffany,
C. Sylvia,
Industrial Hygiene News, July 1983.
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RECORD OF PHOTOGRAPHS
PROJECT NUMBER 1 0K701 00

Film Typ. Roll No.
ASA Numb.r

Photo
No. Oats Tim. Pti.k,araph.r

W..th.r
Condhloris l.ocatlon D.scrlptio of hotoarapfl_

2.

3.

4.

5.

6.

7,

8.

9.

10.

II.

12.

—--—________

13.

14.

15.

16.

17.

----.-18.

19.

20.

. -

21.

22.

23.

24.

(sym) wpc&sweIphotofrm 02-Nov-94

Slgnatuio of Photogr.ph.
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WASTE TRACKING FORM
PROJECT NUMBER 10K70100

w.mwst&m, O2-No-g4

Drum No. j Date Sealed Contents Storage Location
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EXAMPLE DAILY FIELD ACTIVITY REPORT

JACOBS ENGINEERING GROUP INC.
FUEL HYDRANT SYSTEM INVESTIGATION

NAS FORT WORTH
DAILY FIELD ACTIVITY REPORT

Task Order No.: ___________________________________________________

Project Code: 10K70100 Location: —
Field Personnel: ______________________________________ Date:

NUMBER

DESCRIPTION COMPLETED

DrIv.-Polnt Mob/DsMob. _________
Drive- Point locations Completed __________
Drive—Point Samples Collected __________
Drive—Point Holes Abandoned __________
Drive—Point Rig Standby Time ___________
ASphalt Patches Applied ____________
SamplesAssayed ____________
Duplicate Samples Assayed __________
OC Samples Assayed _________

Jacobs Field Technical Representative
—

Date

Subcontractors Representative Date

SI sr,wsHd&t'mp O2—P4o—e4



—

J E JACOBS ENGINEERING GROUP INC.

—

-S

DENVER. Co (303) 595-8855

DAILY REGISTER

PROJECT NO: 10K70100
PROJECT NAME: Fuel Hydrant Abandonment

PLACE: ___________________
DATE(S):

(win) h:wpfcarsweMallyreg 11/2/94

NAME TITLE COMPANY ONSITE LOCATION
I

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
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